(19) 



J 



Europaisches Patentamt 
European Patent Office 
Off ice europ^en d sbr vets 



(11) 



EP 0 704 462 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance witli Art. 158(3) EPC 



(43) 


Date of publication: 


(51) int 01.^: C08F 10/06, C08F 4/60, 




03.04.1996 Bulletin 1996/14 


C08F 2/00 C08F 297/06 


(21) 


Application number: 95914558.2 


LrUoL ^o/i4, UUoL ^o/Uo 


(22) 


Date of filing: 11.04.1995 


(86) International application number: PCT/JP95/00707 






(87) International publication number: 






WO 95/27740 (1 9.1 0.1 995 Gazette 1 995/45) 




Ucoiynaiea wornracung oiaico. 


• KAWASAKI, Masaaki 




DE FR GB ITNL 


Mitsui Petroctiemicai Industries 






Yamaauchi 740 f JP) 


(30) 


Priority: 11.04.1994 JP 72273/94 


• FUKUOKA, Dalsuke 






Mitsui Petrochemical Industries, 


(71) 


Applicant: MITSUI PETROCHEMICAL 


Yamaguchi 740 (JP) 




INDUSTRIES, LTD. 


• IMUTA, Junichi 




Tokyo 100 (JP) 


Mitsui Petrochemical Industries, 


(72) 


Inventors: 


Yamaguchi 740 (JP) 


• 


UEDA, Takashi 


(74) Representative: Cressweil, Thomas Anthony et al 




Mitsui Petrochemical industries, Ltd 


J.A. KEMP & CO. 




Yamaguchi 740 (JP) 


14 South Square 


• 


HASHIMOTO, MIkio 


Gray's Inn 




Mitsui Petroctiemicat industries, 


London WC1 R 5LX (GB) 




Yamaguclii 740 (JP) 



CM 

to 

1^ 



(54) PROCESS FOR PRODUCING PROPYLENE POLYMER COMPOSITION, AND PROPYLENE 
POLYMER COMPOSITION 



(57) A process for preparing a propylene polymer 
composition comprising conducting multistage polymer- 
ization including a step (a) for preparing a propylene 
(co)polymer (a) and a step (b) for preparing an ethylene 
copolymer (b) in the presence of (A) a transition metal 
compound and (B) a compound activating the transition 
metal compound (A), in which the steps (a) and (b) may 
be carried out in any order, and the resulting propylene 
polymer composition contains the propylene (co}poty- 

(A) TkBnsltian wtal oaqonent 



mer (a) in an amount of 20 to 90 % by weight and the 
ethylene copolymer (b) in an amount of 10 to 80 % by 
weight and has MFR, as measured at 230 **C under a 
load of 2.1 6 kg. of 0.01 to 500 g/1 0 min; and a propylene 
polymer composition prep>ared by this process. 

The process according to the invention can prepare 
a propylene polymer composition having excellent rigid- 
ity, heat resistance and impact resistance. 
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Description 

FIELD OF THE INVENTION 

5 The present Invention relates to a process for preparing a propylene polymer composition, and a propylene polymer 

composition prepared by the process, more particularly to a process for preparing a propylene polymer composition 
using multistage polymerization and a propylene polymer composition prepared by such process. 

BACKGROUND OF THE INVENTION 

10 

Because of their excellent rigidity, heat resistance and impact resistance, propylene polymers are used for various 
molded articles In many fields. 

For further improving the impact resistance of propylene polymers, there is known a process comprising initially 
homopolymerizing propylene and then copolymerizing propylene and ethylene to prepare a block copolymer. 
15 For example. Japanese Patent Laid-Open Publication No. 337308/1992 discloses a process for preparing a block 
copolymer in which propylene is first homopolymerized or copolymerized with ethylene in the presence of a transition 
metal compound having as a ligand a cyclopentadienyl bridged with a silylene group and an organoaluminum compound 
so as to produce a propylene homopolymer or a propylene copolymer containing less than 6 % by weight of ethylene, 
in an amount of 40 to 95 % by weight based on the total weight of the final polymer product; and then ethylene and 
20 propylene in a weight ratio of 10/10 to 95/5 are further copolymerized in the presence of the same transition metal 
compound and the same organoaluminum compound until a copolymer is produced in an amount of 60 to 5 % by weight 
based on the total weight of the final polymer product. This publication also describes that the block copolymer obtained 
by this process has well balanced properties between impact resistance and rigidity. 

Japanese Patent Laid-Open Publication No. 202 1 52/1 993 discloses a process for preparing a polypropylene molding 
25 material comprising (1) 20 to 99 % by weight of a crystalline polymer having a propylene unit content of not less than 
95 % by weight and (2) 1 to 80 % by weight of a non-crystalline ethylene-propylene copolymer having an ethylene unit 
content of 20 to 90 % by weight, in the presence of a catalyst comprising a transition metal compourxi and an organoa- 
luminum conpound. in which polymerisation to prepare the non-crystalline ethylene-propylene copolymer is carried out 
using a specific brkJged metallocene compound and aluminoxane. This publication also describes thatthe polypropylene 
30 molding material obtained by this process has excellent properties, particularly in low-temperature impact strength. 

However, there has recently been an increasingly severe demand for properties of polypropylene compositions. In 
addition, there has also been a need for a propylene polymer composition having well kialanced properties among rigidity, 
heat resistance and inpact resistance, and a process capable of preparing such composition. 

35 DESCRIPTION OF THE INVENTION 

The process for preparing a propylene polymer composition according to the invention comprises: 
conducting multistage polymerization including the following steps (a) and (b) in the presence of 

40 (A) a transition metal compound containing a ligand having a cyclopentadienyl skeleton and 
(B) a compound activating the transition metal compound (A), 

in which the steps (a) and (b) may be carried out in any order, and the second stage polymerization is carried 
out in the presence of a polymer obtained by the first stage polymerisation to produce a propylene polymer composition 
45 comprising 20 to 90 % by weight of a propylene (co)polymer (a) obtained in the step (a) and 1 0 to 80 % by weight of an 
ethylene copolymer (b) obtained in the step (b). said conrposition having a melt flow rate, as measured at 230 *C under 
a load of 2. 1 6 kg. of 0.01 to 500 g/10 min; 

the step (a): 

50 (i) homopolymerizing propylene or (ii) copolymerizing propylene and at least one olefin selected from ethylene and 
olefins of 4 to 20 carbon atoms to prepare a propylene (co)polymer (a) comprising not less than 80 mol % of con- 
stituent units derived from propylene, said propylene (co)polymer (a) having a melting point, as measured by a 
differential scanning calorimeter, of not lower than 1 00 *»C and a melt flow rate, as measured at 230 ^'C under a load 
of 2.16 kg, of 0.01 to 1,000 g/10 min; 

55 

the step (b): 

copolymerizing ethylene and at least one olefin selected from olefins of 4 to 20 cart)on atoms to prepare an 
ethylene copolymer (b) comprising more than 50 md % of constituent units derived from ethylene, said ethylene copol- 
ymer (b) having an intrinsic viscosity [r\], as measured in decalin at 135 ^C, of 0.1 to 20 dl/g. 
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In the present invention, preferably the ethylene copolymer (b) prepared in the step (b) has an intrinsic viscosity [ii], 
as measured in decafin at 135''C. of 0.1 to 20. a density of 0.85 to 0.91 g/cm3, an Mn/Mw value indicating a molecular 
weight distribution of 1.4 to 3.5. and a melt flow rate of 0.1 to 45 g/10 min. 

According to the invention, preferably the multistage polymerization is carried out in the order of the step (a) and 
5 then the step (b). 

Further, it is preferred that propylene is homopolymerized in the st^ (a) and ethylene and 1-butene are copolym- 
erized in the step (b). 

In the present invention, as the transition metal compound containing a ligand having a cyclopentadienyl skeleton 
is preferably used a compound represented by the following formula (II). more preferably a compound represented by 
10 the following formula (111) : 



15 



20 



25 




(II) 



30 

wherein M1 is a transition metal atom of Group IV to Group VIB of the periodic table; 

Ri , R2, R3 and are each a hydrogen, a halogen, a hydrocarbon group of 1 to 20 carison atoms, a halogenated 
hydrocartx>n group of 1 to 20 carbon atoms, a silicon-containing group, an oxygen-containing group, a sulfur-containing 
group, a nitrogen-containing group or a phosphorus-containing group, and a part of adjacent groups Ri , R2. R3 and R^ 

35 may be bonded to form together with the carbon atoms to which they are attached a ring, wherein R'' to R^ at two 
positions, for example even Ri and R^ . may be the same or different, and R having the same suffix show a preferable 
corTt)ination for linking to form a ring; 

Yi is a divalent hydrocart)on group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 
20 caritx)n atoms, a divalent silicon-containing group or a divalent germanium-containing group; and 

40 and X2 are each a hydrogen, a halogen, a hydrocarbon group of 1 to 20 cartx^n atoms, a halogenated hydro- 

carbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing group; 




(III) 
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wherein is a transition metal atom of group IV to Group VIB of the periodic table; 

R5, R6 and R8 to R'"©. which may be the same or different, are each a hydrogen, a halogen, a hydrocarbon group 
of 1 to 20 cart)on atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a silicon-containing group, an 
oxygen-containing group, a sulfur-containing group, a nitrogen-containing group or a phosphorus-containing group; 
5 R7 is an aryl group of 6 to 1 6 carbon atoms; 

Y2 is a divalent hydrocarbon group of 1 to 20 cart>on atoms, a divalent halogenated hydrocarbon group of 1 to 
20 carbon atoms, a divalent silicon-containing group or a divalent germanium-containing group; and 

X3 and X4 are each a hydrogen, a halogen, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydro- 
cartoon group of 1 to 20 cartx)n atoms, an oxygen-containing group or a sulfur-containing group. 
10 In the present invention, as the compound (B) activating the transition metal compound (A) is preferably used at 
least one compound selected from the group consisting of, for example. 

(B-1) an organoatuminum compound. 
(B-2) an organoaluminum oxy-compound, and 
15 (B-3) a compound which reacts with the transition metal compound (A) to form an ion pair. 

According to the process of the invention, a propylene polymer composition having well balanced properties among 
rigidity, heat resistance and impact resistance can be obtained. 

The propylene polymer composition according to the present invention is prepared by the process of the invention 
20 as described above. 

The propylene polymer composition of the invention has well balanced properties among rigidity, heat resistance 
and Impact resistance. 

BRIEF DESCRIPTION OF THE DRAWING 

25 

Fig. 1 is an explanatory view showing steps for preparing an olefin polymerization catalyst used in the present 
invention. 

BEST MODE FOR CAR RYING OUT THE INVENTION 

30 

The process for preparing a propylene polymer composition according to the invention, and such a conposition 
obatined will be described in detail hereinafter. 

The term "polymerization" used herein is intended to mean both "homopolymerization" and "copolymerization". 
Also, the term "polymer" used herein is intended to mean both "homopolymer" and "copolymer". 
35 In the process for preparing a propylene polymer composition according to the invention, the propylene {co)polymer 
(a) and the ethylene copolymer (b) are prepared in the presence of: 

(A} a transition metal corrpound containing a ligand having a cydopentadienyl skeleton, and 
(B) a compound activating the transition metal compound (A). 

40 

First, the transition metal compound (A) containing a ligand having a cydopentadienyl skeleton and the compound 
(B) activating the transition metal compound (A) are described. 

The transition metal compound (A) containing a ligand having a cydopentadienyl skeleton may be specifically a 
transition metal compound represented by the formula (I): 

45 

ML, (I) 

wherein M is a transition metal of Group IV to Group VIB of the periodic table, for example, zirconium (Zr), titanium (Ti), 
hafnium (Hf). vanadium (V). niobium (Nb). tantalum (Ta), chromium (Or), molybdenum (Mo) and tungsten (W); x is a 

so valence of the transition metal; and 

L is a ligand coordinated to the transition metal, and at least one of L is a ligand having a cydopentadienyl skeleton, 
preferably at least two of L are ligands having a cydopentadienyl skeleton. 

The ligand having a cydopentadienyl skeleton may be condensed with a benzene ring, a naphthalene ring, an 
acenaphth ne ring, an indene ring, to form a further ring. 

55 Examples of the ligands having a cydopentadienyl skeleton include cydopentadienyl group, indenyl group, 4,5,6,7- 
tetrahydroindenyl group. 4.5.6.6a-tetrahydropentalenyl group. 7.8-dihydro-3H.6H-as-inclacenyl group and fluorenyl 
group. These groups may be substituted with a halogen, a hydrocartx)n group, a halogenated hydrocarbon group, a 
silicon-containing group, an oxygen-containing group, a sulfur-containing group, a nitrogen-containing group or a phos- 
phorus-containing group. 
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When the transition metal compound of the formula (I) contains two or more of groups having a cyciopentadienyt 
skelton, two of them are preferably linked through a hydrocarbon group, a halogenated hydrocarbon group, a silicon- 
containing group, an oxygen-containing group, a sulfur-containing group, a nitrogen^ontaining group or a phosphorus- 
containing group. 

5 L other than the ligand having a cydopentadieny! skeleton is a hydrogen, a halogen, a hydrocarbon group, a halo- 

genated hydrocarbon group, a silicon-containing group, an oxygen-containing group, a sulfur-containing group, a nitro- 
gen-containing group or a phosphorus-containing group. 

The transition metal compound (A) used in the invention is preferably a compound represented by the following 
formula (II), more preferably a compound represented by the following formula (III). 

10 



IS 



20 




R"^ (II) 



In this formula. M1 is the same transition metal as defined for M in the formula (I), and preferably is titanium, zirconium 
30 or hafnium. 

R2, R3 and R^ are each a hydrogen, a halogen, a hydrocarbon group of 1 to 20 cart>on atoms, a halogenated 
hydrocartx)n group of 1 to 20 carbon atoms, a silicon-containing group, an oxygen-containing group, a sulfur-containing 
group, a nitrogen-containing group or a phosphorus-containing group, and a part of adjacent groups R^ . R^. R3 and R^ 
may be bonded to each other to form together with the carbon atoms to which they are bonded a ring. Ri to R^ each at 
35 two positions, respectively, for example, even Ri and Ri. may be the same or different, and R having the same suffix 
show a preferable combination for linking to form a ring. 

Examples of the halogens include fluorine, chlorine, bromine and iodine. 

Exarnples of the hydrocarbon groups of 1 to 20 carbon atoms include alkyi groups, such as methyl, ethyl, propyl, 
butyl, hexyl, cyclohexyl. octyl, nonyl. dodecyl, eicosyl. norbornyl and adamantyl; alkenyl groups, such as vinyl, propenyl 
40 and cyclohexenyl; arylalkyt groups, such as benzyl, phenylethyl and phenylpropyl; and aryt groups, such as phenyl, tolyl, 
dimethylphenyl. trimethytphenyl. ethylphenyl, propylphenyl, biphenyt, naphthyl, methylnaphthyl. anthracenyl and phen- 
anthryl. 

Examples of rings formed by bonding these hydrocartx)n groups include condensed ring groups such as benzene 
ring, naphthalene ring, acenaphthene ring and indene ring; and these condensed ring groups where one or more hydro- 
45 gen atoms on the ring are replaced with alkyi groups such as methyl, ethyl, propyl and butyl. 

Examples of the halogenated hydrocartK>n groups include those hydrocartx)n groups as mentioned above which 
are substituted by a halogen. 

Examples of the silicon-containing groups include monohydrocarbon-substituted silyts, such as methylsilyl and phe- 
nylsilyl; dihydrocarbon-substituted silyls, such as dimethylsilyl and diphenylsilyl; trihydrocarbon-substituted silyts, such 
50 as tri methylsilyl, triethylsilyl, tripropylsilyl, tricyclohexylsilyl, triphenylsilyl, dimethylphenylsilyl, methyldiphenylsilyl, tri- 
tolylsilyl and trinaphthytsilyl; 

silyl ethers of hydrocartxMi-substituted silyls, such as tri methylsilyl ether; 

silicon-substituted alkyi groups, such as trimethylsilylmethyl; and silicon-substituted aryl groups, such as trimeth- 
ytphenyl. 

55 Examples of the oxygen-containing groups include hydroxyl group; alkoxy groups, such as methoxy. ethoxy, propox 
and butoxy; aryloxy groups, such as phenoxy, methylphenoxy, dimethylphenoxy and naphthoxy; and arylalkoxy groups, 
such as phenylmethoxy and phenylethoxy. 

Examples of the sulfur-containing groups include those where the oxygen in the oxygen-containing groups as men- 
tioned above is replaced with sulfer. 



5 
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Examples of the nitrogen-containing groups include amino group; alkylamino groups, such as methylamino. dimeth- 
ylamino. diethylamino, dipropylamino. dibutylamino and dicyclohexylamino; and arylamino groups and alkylarylamino 
groups, such as phenylamino. diphenylamino, ditolylamino, dinaphthylamino and methytphenylamino. 

Examples of the phosphorus-containing groups include phosphino groups, such as dimethylphosphino and diphe- 
nylphosphino. 

Of these, preferred are hydrocarbon groups. Particularly prefen*ed are hydrocariDon groups of 1 to 4 carbon groups 
such as methyl, ethyl, propyl and butyl; benzene rings formed by bonding hydrocarbon groups; and these condenced 
benzene rings where one or more hydrogen atoms on the ring are substituted by alkyi groups such as methyl, ethyl, n- 
propyl, iso-propyl, n-butyl, iso-butyl and tert-butyl. 

Yi is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 20 
cart)on atoms, a divalent silicon-containing group or a divalent germanium-containing group. 

More specifically, there can be mentioned: 
divalent hydrocarbon groups of 1 to 20 carfcx)n atoms, for example, alkylene groups such as methylene, dimeth- 
ylmethylene. 1 .2-ethylene. dimethyl-1 ,2-ethylene. 1 .3-trimethylene. 1 ,4-tetramethylene. 1,2-cyclohexylene and 1,4- 
cyclohexylen. and arylalkylene groups such as diphenylmethylene and diphenyl-1, 2-ethylene; 

divalent halogenated hydrocarbon groups, for example, those divalent hydrocartxjn groups of 1 to 20 carbon 
atoms as mentioned above which are halogenated, such as chloromethylene; 

divalent silicon-containing groups, for example, arylsilylene groups such as methylsiiylene. dimethylsilylene. 
diethylsilylene, di(n-propyf)silylene, di{i-propyl)silylene. di(cyclohexyl)silylene. methylphenylsilylene, diphenylsilylene, 
di(p-tolyl)silylene and di(p-chlorophenyl)silylene. and alkyldisilyl. all^laryldisilyl and aryldisilyl groups such as tetrame- 
thyl-1 ,2-disilyl and tetraphenyl-1.2-disilyl: and 

divalent germanium-containing groups, for example, those divalent silicon-containing groups as mentioned above 
where the silicon is replaced with germanium. 

Of these, preferred are substituted silylene groups, such as dimethylsilylene, diphenylsilylene and methylphenylsi- 
lylene. 

X1 and X2 are each a hydrogen, a halogen, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocartx)n 
group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing group. 

Specifically, there can be mentioned the same halogens, hydrocarbon groups of 1 to 20 carbon atoms, halogenated 
hydrocarbon groups of 1 to 20 cartx)n atoms and oxygen-containing groups as described for R1 , R2, R3 and R^. Examples 
of the sulfur-containing groups include the same sulfur-containing groups as described for R^ , R2, R3 and R^ ; and further, 
sulfonate groups such as methylsulfonato, trifluoromethanesulfonato, phenylsulfbnato. benzylsulfonato, p-toluenesul- 
fonato, trimethylbenzenesuKbnato. triisobutyibenzenesulfonato. p-chlorobenzenesutfonato and pentaf luorobenzenesul- 
fonato; and sulfinato groups such as methylsutfinato. phenylsulfinato. benzenesulfinato, p-toluenesuKinato. 
trimethylbenzenesulf inato and pentafluorobenzenesulfinato. 

Of these, preferred are halogens, hydrocarbon groups of 1 to 20 carbon atoms and sulfonate groups. 

Particularly preferably used as the transition metal compound (A) in the invention is a compound represented by 
the following formula (111). 




(III) 



In this formula. M2 is a transition metal atom as described for M in the formula (I), and preferably is titanium, 
zirconium or hafnium, and particularly zirconium. 

R5. R6 and R8 to Rio, which may be the same or different, are each a hydrogen, a halogen, a hydrocarbon group 
of 1 to 20 cartx)n atoms, a halogenated hydrocariDon group of 1 to 20 carbon atoms, a silicon-containing group, an 
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oxygen-containing group, a sutfur-containing group, a nitrogen-containing group or a phosphorus-containing group as 
described for R1. R2. R3 and R4 in the formula (II). 

R7 is an aryl group of 6 to 16 cartx>n atoms, for example, phenyl, a-naphthyl. p-naphthyl. anthracenyl. phenanthryl, 
pyrenyl, acenaphthyl. phenalenyl or aceanthrylenyl. Of these, preferred is phenyl, naphthyl or phenanthryl. These aryl 
5 groups may be substituted with halogens, hydrocarbon groups of 1 to 20 carbon atoms and halogenated hydrocartx>n 
groups of 1 to 20 carbon atoms as described for Ri , R^, R3 and R^ in the formula (II). 

Y2 is a divalent hydrocait)on group of 1 to 20 cariDon atoms, a divalent halogenated hydrocarbon group of 1 to 20 
carbon atoms, a divalent silicon-containing group or a divalent germanium-containing group as described for in the 
formula (II). 

10 X3 and are each hydrogen, a halogen, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated hydrocartxDn 
group of 1 to 20 carl3on atoms, an oxygen-containing group or a sulfur-containing group as described tor and X^ In 
the formula (II). 

Listed below are examples of the transition metal compounds (A) containing a ligand having a cyclopentadienyl 
skeleton, usable in the invention. 
15 Bis(cyclopentadienyl)zirconium dichloride, 
Bis(indenyl)zirconium dichloride, 
Bis(fluorenyt)zirconium dichloride, 
Bis(n-propyicyclopentadienyl)zirconium dichloride, 
Bis(t-butylcylopentadienyl)zlrconium dichloride, 
20 Bis(trimethylsilylcyctopentadienyl)zirconium dichloride, 

Bis(neopentylcyclopentadienyl)zlrconium dichloride, 

rac-Ethylene-bis(1-indenyl)zirconium dichloride, rac-Ethylene-bis(1-indenyl)zirconium dibromide, 

rac-Ethylene-bis(1-indenyt)dimethylzlrconium, 

rac-Ethylene-bis(1-indenyf)dlphenylzlrconium. 
25 rac-Ethylene-bls(1 -lndenyl)methylziroonium monochloride. 

rac-Ethylene-bis(1-indenyl)zirconiumbis(methanesulfonato). 

rac-Ethylene-bis(1-indenyl)zirconiumbis(p-toluenesolfonate). 

rac-Ethylene-bis(1-indenyl)zirconiumbis(trifluoromethanesulfonato), 

rac-Ethylene-bis{1 -(4,5,6,7-tetrahydroindenyl)}zirconium dichloride. 
30 lsopropylidene{1 -cyclopentadienyl-1 -(3-methylcyclopentadienyl)}zirconium dichloride, 

lsopropylidene{1 -(3-t-butylcyclopentadienyl)-1 -(3-t-butyllndenyl)}zirconium dichloride, 

lsopropy1idene(1 -cyclopentadlenyl-9-f luorenyl)zlrconium dichloride, 

lsopropylidene{1-cyclopentadienyl-9-(2.7-di(t-butyl)fluorenyl)}zirconium dichloride, 

lsopropylidene{1 -(3-methylcyclopentadienyl)-9-fluorenyl}zirconium dichloride. 
35 rac-Dimethylsilylene-bis(1 -cyclopentadlenyl)zirconium dichloride. 

rac-DimethyIsilylene-bls{1-(3-methylcydopentadienyl)}zirconlum dichloride, 

rac-Dimethylsilylene-bls{1-(2,4-dimethylcycloperrtadienyl)}zirconlum dichloride, 

rac-Dimethylsilylene-bis{1-(2.3,5-trimethylcyclopentadienyl)}zirconium dichloride, 

rac-Dimethylsilylene-bis(1 -irKlenyt)zirconium dichloride, 
40 rac-Dlmethylsllylene-bls{1 -(2-methylindenyl)}zlrconium dichloride. 

rac-Dlmethylsllylene-bis{1-(2-methyl-4-l-propylindenyl)}zlrconlum dichloride, 

rac-Dimethylsllylene-bis{1-(2.7<limethyl-4-l-propyllndenyl)}zirconium dichloride, 

rac-Diphenyltsilylene-bis{1-(2,7-dimethyl-4-i-propylindenyl)}zirconium dichloride, 

rac-Dimethylsllylene-bis{1-(2-methyl-4,6-(di-l-propyl)indenyl}zirconlum dichloride. 
45 Dimethylsllylene-bis(1 -cyclopentadienyl- 1 -indenyl)zlrconium dichloride, 

rac-Dlmethylsllylene-bls(1.2-dlhydroacenaphthylo[4,5-b]cyclopentadienyl)zirconium dichloride, 

rac-Dlmethylsllylene-bis(benzo[e]lndenyl)zlrconium dichloride. 

rac-Dimethyisilylene-bis(1 -(4-phenylindenyl)}zlroonium dichloride, 

rac-Dimethyf8ilylene-bis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, 
so rac-Dimethylsilylene-bls{1 -(2-methyl-4-(a-naphthyl)lndenyl}zirconium dichloride, 

rac-Dimethylsllylene-bis{1-(2-methyl-4-(p-naphthyl)indenyl}zirconium dichloride, 

rac-Dlmethylsllylene-bis{1 -(2-methyl-4-(1 -anthracenyj)lndenyl)}zirconium dichloride, 

rac-Dimethylsilylene-bis{1-(2-methyl-4-(2-anthracenyl)indenyl)}zirconium dichloride, 

rac-Dimethylsilylene-bis{1-(2-methyl-4-(9-anthracenyl)indenyl)}zirconium dichloride. 
55 rac-Dimethylsilylene-bls{1 -(2-methyl-4-(9-phenanthryl)indenyl)}zlrconium dichloride, 

rac-Dimethylsilylene-bls{1-(2-methyl-4-(p-fluorophenyI)lndenyl)}zlrconlum dichloride. 

rac-Dimethylsilylene-bls{1 -(2-methyl-4-(pentaf tuorophenyl)indenyl)}zirconium dichloride, 

rac-Dimethylsilylene-bis{1-(2-methyl-4-(p-chlorophenyl)indenyl)}zirconium dichloride, 

rac-Dimethylsilylene-bis{1-(2-methyl-4-(m-chlorophenyl)indenyl)}zirconium dichloride, 
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rac-Dimethylsilylene-bis{ 
rac-Dimethylsilylene-bis{ 
rac- Dimethyl si lylene-bis{ 
rac-Dimethylsilylene-bis{ 
rac-Dimethylsilylene-bis{ 
rac-Dimethylsilylene-bis{ 
rac-Dimethylsilylene-bis{ 
rac-Dimethylsilylene-bis{ 
rac-Dimethylsilylene-bis{ 
rac-Dimethylsilylene-bis{ 
rac-Dimethylsilylene-bis{ 
rac-Dimethylsilylene-bis{ 
rac-Dimethylsilylene-bis{ 
rac- Dim ethylsilyl en e>bis{ 
rac-Dimethylsilylene-bls{ 
rac-Dimethylsllylene-bis{ 
rac-Dimethylsilylene-bi&{ 
rac-Dimethylsilylene-bis{ 



1 -(2-methyl-4-(o-chlorophenyl)inclenyl)}zirconium dichloride. 
1-(2-methyl-4-(o,p-dichIorophenyl)phenylindenyl)}zlrconiumdichloricle. 
1 -(2-methyl-4-(p-bromophenyl)lndenyl)}zirconium dichloride, 
1 -(2-methyl-4-(p-tolyl)indenyl)}2irconium dichloride, 
1 -(2-methyl-4-(m-tolyl)indenyl)}zirconium dichloride, 
1 -(2-methyl-4-(o-tolyl)lndenyl)}zirconium dichloride. 
1-(2-methyl-4-(o,o'-dimethylphenyl)rndenyl)}zirconium dichloride, 
1 -(2-methyl-4-(p-ethylphenyl)indenyl)}2irconium dichloride, 
1 -(2-methyl-4-(p-i-propylphenyl)indenyl)}zirconium dichloride, 
1 -(2-methyl-4-(p-benzylpheny!)indenyl)}2lrconium dichloride, 
1-(2-methyl-4-(p-biphenyl)indenyl)}2lrconium dichloride. 
1-(2-methyl-4-(m-biphenyl)indenyl)}2irconium dichloride, 
1-(2-methyl-4-{p-trimethylsilylphenyl)indenyl)}zirconium dichloride, 
1-(2-methyl-4-(m'trimethylsilylphenyl)indenyl)}zirconium dichloride, 
1 -(2-ethyl-4-phenylindenyl))2irconium dichloride, 
1-(2-ethyl-4-(a-naphthyI)indenyl)}zirconlum dichloride, 
1-(2-ethyl-4-(p-naphthyl)indenyl}zirconium dichloride. 
1-(2-ethyl-4-(1 -anthracenyl)indenyl)}zirconium dichloride, 
rac-Dirnethylsilylerie-bis{1-(2-ethy[-4-(2-arithraceriyl)lrideriyl)}zirconiurn dichloride, 
rac-Dimelhylsilylene-bis{1-(2-ethyl-4-(9-anthracenyl)indenyl)}zirconium dichloride, 
1 -(2-ethyl-4-(9-phenanthryl)indenyl)}zirconlum dichloride, 
1 -(2-ethyl-4-phenylindenyl)}2irconium dichloride, 
1 -(2-phenyl-4-phenylindenyl)}2irconium dichloride. 
1 -(2-n-propyl-4-phenyllndenyl)}zlrconlum dichloride, 
1 -{2-n-propyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
1 -(2-n-propyl-4-(p-naphthyl)indenyl}zirconium dichloride, 
1-(2-n-propyl-4-(1 -anthracenyl)indenyl)}2irconium dichloride. 
1 -(2-n-propyl-4-(2-anthracenyl)indenyl)}zlrconium dichloride, 
-(2-n-propyl-4-(9-anthracenyl)lndenyl)}zlrconium dichloride, 
1 -(2-ni3ropyl-4-(9-phenanthryl)irdenyl)}zirconium dichloride, 
1 -(2-i-butyl-4-phenylindenyl)}2irconium dichloride, 
1 -(2-l-butyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 
1 -(2-i-butyl-4-(p-naphthyl)indenyl}zirconium dichloride, 
-(2-l-biityl-4-(1 -anthracenyl)irKlenyl)}zlrconlum dichloride, 
1 -(2-i-butyl-4-(2-anthracenyl)indenyl)}zirconium dichloride, 
1 -(2-i-butyl-4-(9-anthracenyl)indenyl)}zirconium dichloride, 
1 -(2-i-butyl-4-(9-phenanthryl)indenyl)}zirconium dichloride, 
rac-Diethylsilylene-bis{1-(2-methyl-4-phenylindenyl)}zirconlum dichloride, 
rac-DI-(i-propyl)sllylene-bls{1 -(2-methyl-4-phenyllndenyl}}zlrconium dichloride, 
rac-Di-(n-butyl)silylene-bis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride, 
rac-Dlcyclohexyisily1ene-bis{1-(2-methyl-4-phenylirKlenyl)}zirconium dichloride, 
rac-Methylphenylsilytene-bis{1-(2-rnethyt-4i3heriylindenyl)}zirconiurri dichloride, 
rac-Diphenylsilylene-bis{1-(2-methyl-4-phenyllndenyl)}2irconium dichloride, 
rac-DI(p-tolyt)sllylerie-bis{1-(2-methyl-4-pheriylindenyl)}zirconlum dichloride, 
rac-Di(p-chlorophenyl)silylene-bis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride. 
rac-Methylene-bis{1 -(2-methyl-4-phenylindenyl)}2irconium dichloride. 
rac-Ethylene-bis{1-(2-methyl-4-phenylindenyl)}zirconium dichloride. 
rac-Dimethylgerrriylene-bis{V(2-rriethyl-4-pheriylirKienyl)}2ircoriiunri dichloride, 
rac-Dlmethylsilylene-bts{1 -(2-methyl-4-phenyllrKlenyl]}zirconlum dibromide, 
rac-Dimethylsilylerie-bis{1-(2-methyl-4-phenylindenyl)}2irconium dimethyl. 
rac-Dimethylsilylene-bis{1-(2-methyl-4-phenylindenyl)}2irconium methylchloride. 
rac-Dimethylsilylene-bis{1 -(2-methyl-4-phenylindenyl)}zirconium chloride S02Me. 
rac-Dimethylsllylene-bis{1 -(2-methyl-4-phenylindenyl)}zirconium chloride OSOzMe, 
rac-Dlmethylsily1erie-bls{1-(2-methyl-4-pheriylirxJenyl}}tltariium dichloride, and 
rac-Dimethylsilylene-bis{1-(2-methyl-4-phenylindenyl)}hafnium dichloride. 
Also employable are transition metal compounds corresponding to the above mentioned compounds where the 
metal zirconium, titanium or hafnium is replaced with a metal vanadium, niobium, tantalum, chromium, molybdenum or 
tungsten. 



rac-Dlmethylsilylene-bis{ 
rac- Dipheny Isil yl ene-bis{ 1 
rac-Dimethylsilylene-bis{1 
raC'Dlmethylsllylene-bls{ 1 
rac-Dlmethylsilylene-bis{ 1 
rac*Dlmethylsilylene-bis{ 1 
rac-DimethylsiIylene-bis{1 
rac-Dimethylsilylene-bis { 1 
rac-Dlmethylsllylene-bls{ 1 
rac-Dlmethylsilylene-bis{ 
rac-Dimethylsilylene-bis{ 
rac- Dimethyl si lylene-bis{1 
rac-Dimethy1silylene-bis{1 
rac-Dlmethylsllytene-bis{1 
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rac-Dimethylsilylene-bis{ 



BNSDOCID: <BP 07044e2Al_l_> 



EPO 704 462 A1 

The oompound (B) which activates the transition metal compound (A) (hereinafter sometimes referred to as "acti- 
vating compound^*), that is used in the process for preparing a propylene polymer composition according to the invention, 
may be selected from the group consisting of: 

5 (B-1 ) an organoaluminum compound [component (B-1 )], 

(B-2) an organoaluminum oxy-compound [component (B-2)]. and 

(B-3) a compound which reacts with the transition metal compound (A) to form an ion pair [component (B-3)]. 

As the activating compound (B), two or more components selected from the components (B-1) to (B-3) can be used 
10 in combination, and a preferred combination is the component (B-1) and the component (B-2). 

The organoaluminum compound (B-1) used for preparing a propylene polymer composition together with the tran- 
sition metal compound (A) is, for example, an organoaluminum compound represented by the formula (IV): 

R%AIX3.n (IV) 

IS 

wherein is a hydrocartion group of 1 to 12 caitx)n atoms. X is a halogen atom or a hydrogen atom, and n is 1 to 3. 

(n the formula (IV), is a hydrocarbon group of 1 to 12 cartoon atoms, for example, an alkyi group, a cycloalkyi 
group or an aryl group, including for example methyl, ethyl, n-propyt. isopropyl, isobutyl. pentyl. hexyt. octyl. cydopentyi. 
cyctohexyl, phenyl and tolyt. 
20 Specifically, such organoaluminum compound (B-1) may be as follows: 

trialkylaluminums, such as trimethylaluminum. triethylaiuminum, triisopropylaluminum. triisobutylaluminum. trioc- 
tylaluminum, tri(2-ethy1hexyl)aluminum and tridecylaluminum; 
aikenylaluminums. such as isoprenytaluminum; 

dialkytaluminum halides. such as dimethylaluminum chloride, cfiethytaluminum chloride, diisopropylaluminum 
25 chloride, diisobutylaluminum chloride and dimethylaluminum bromide: 

alkylaluminum sesquihalides. such as methylaluminum sesquichoride. ethylaluminum sesquichloride, isopropy- 
laluminum sesquichloride. butylaluminum sesquichloride and ethylaluminum sesquibromide; 

alkylaluminum dihalides. such as methylaluminum dichloride. ethylaluminum dichloride. isopropylaluminum 
dichloride and etiiylaluminum dibromide; and 
30 alkylaluminum hydrides, such as diethylaluminum hydride and diisobutylaluminum hydride. 

Also employable as the organoaluminum compound (B-1) is a compound represented by the formula (V): 

R%AIY3.n (V) 

35 wherein R^ is the same as defined above; Y is -OR^ group. -OSiR*^3 group. -OAIR^2 group, -NR®2 group, -SiR^s group 
or -N(R9)AIR*^2 group; n is 1 to 2; R*^, R^, R^ and R^ are each methyl, ethyl, isopropyl, isobutyl, cyclohexyl, phenyl or the 
like, R® is hydrogen, methyl, ethyl, isopropyl, phenyl, trimethylsilyl or the like; and and R^ are each metiiyl, ethyl or 
the like. 

Examples of such organoaluminum compounds include: 

40 

(1) compounds of the formula R%A!(OR^3.n. e.g.. dimethylaluminum methoxide, diethylaluminum ethoxide and 
diisobutylaluminum methoxide; 

(2) compounds of the fomiula R%AI(OSiR''3)3.n, e.g., Et2AI(OSiMe3). (iso-Bu)2AI(OSiMe3) and (iso-Bu)2AI(OSiEt3); 

(3) compounds of the formula R®nAI(OAIR^^3.n, e.g., Et2AIOAIEt2 and (iso-Bu)2AIOAI(iso-Bu)2; 

45 (4) compounds of the formula R%Al(NR®2)3.n> e.g., Me2AINEt2. Et2AINHMe, Me2AINHEt, Et2AIN(SiMe3)2and (iso- 
Bu)2alN(SiMe3)2; 

(5) compounds of the formula R^nAl(SiR^2)3-n' ®-9 ' (iso-Bu)2AISiMe3; and 

(6) compounds of the formula R^nAI(N(R9)AIR^'2)3-n. © 9-. Et2AIN(Me)AiEt2 and (iso-Bu)2AIN(Et)AI(iso-Bu)2. 

so Of the organoaluminum compounds represented by the formula (IV) or (V), prefen-ed are compounds of the formula 
R^3A1. and particularly preferred are compounds of the same formula wherein R^ is an isoalkyi group. 
Such organoaluminum compounds (B-1) can be used singly or in combination of two or more kinds. 
The organoaluminum oxy-compound (B-2) used for preparing a propylene polymer composition together with the 
transition metal compound (A) may be either aluminoxane conventionally known or such a benzene-insoluble organoa- 
55 luminum oxy-compound as exemplified in Japanese Patent Laid-Open PulDlication fslo. 78687/1990. 

The conventionally known aluminoxane can prepared by, for example, the following procedures. 

(1) A procedure of adding an organoaluminum compound such as trialkylaluminum to a hydrocarbon medium sus- 
pension of compounds containing adsorbed water or salts containing water of crystallization, e.g., magnesium chlo- 
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ride hydrate, copper sulfate hydrate, aluminum sutfete hydrate, nickel sulfete hydrate and cerous chloride hydrate, 
so as to allow the organoaluminum compound to react with the adsorbed water or the water of crystallization. 

(2) A procedure of allowing water, ice or water vapor to directly act on an organoaluminum compound such as 
trialkylaluminum in a medium such as benzene, toluene, ethyl ether or tetrahydrof uran. 

(3) A procedure of allowing organotin oxide such as dimethyltin oxide or dibutyltln oxide to react with an organoa- 
luminum compound such as trialkylaluminum in a medium such as decane. benzene or toluene. 

The aluminoxane may contain a small amount of an organometallic component. Further, it is possible that the solvent 
or the unreacted organoaluminum compound is distilled off from the solution recovered and the residue is dissolved 
again in a solvent or suspended in a poor solvent for aluminoxane. 

Examples of the organoaluminum compounds used for preparing aluminoxane include: 
trialkylaluminums, such as trimethylaluminum. triethylaluminum, tripropylalumlnum. triisopropylaluminum, tri-n- 
butylaluminum, triisobutylaluminum, tri-sec-butylaluminum. tri-tert-butylaluminum, tripentylaluminum. trihexylaluminum. 
trioctylaluminum and tridecylaluminum; 

tricycloalkylalumlnums. such as tricyclohexylaluminum and tricyclooctylaluminum; 

dialkylaluminum halides, such as dimethylaluminum chloride, diethylaluminum chloride, diethylaluminum bromide 
and diisobutylaiuminum chloride; 

dialkylaluminum hydrides, such as diethylaluminum hydride and diisobutylaiuminum hydride; 

dialkylaluminum alkoxides, such as dimethylaluminum methoxide and diethylaluminum ethoxide; and 

dialkylaluminum aryloxide. such as diethylaluminum phenoxide. 
Off these, preferred are trialkylaluminums and tricydoalkylaluminums, and particularly preferred is trimethylalumi- 
num. 

Also employable as the organoaluminum compound used for preparing aluminoxane is isoprenylaluminum repre- 
sented by the formula (VI): 

(iC4H9)^AIy(C5Hio)2 (VI) 

wherein x. y and z are each a positive number, and z s 2x. 

The organoaluminum compounds mentioned above are used singly or in combination. 

Examples of the solvents used for preparing aluminoxane include aromatic hydrocarbons, such as benzene, toluene, 
xylene, cumene and cymene; aliphatic hydrocarbons, such as pentane, hexane, heptane, octane, decane, dodecane! 
hexadecane and octadecane; alicycllc hydrocaibons. such as cyclopentane, cyclohexane, cyclooctane and methylcy- 
clopentane; petroleum fractions, such as gasoline, kerosine and gas oil; and halides of these aromatic, aliphatic and 
alicyclic hydrocartKXis. particularly chlorides and bromides thereof. In addition, ethers such as ethyl etiier and tetrahy- 
drofuran can be also employed. Of the solvents, preferred are aromatic hydrocarbons and aliphatic hydrocarbons. 

Such organoaluminum oxy-compounds (B-2) as mentioned above can be used singly or in combination of two or 
more kinds. 

The compound {B-3) which reacts witii the transition metal compound (A) to form an ion pair, that is used for preparing 
a propylene polymer composition together with the transition metal compound (A), includes Lewis add, ionic compounds 
and carborane compounds, as described for example in National Publications of international Patent No. 501950/1989 
and No. 502036/1989, Japanese Patent Laid-Open Publication No. 179005/1991, No. 179006/1991, No. 207703/1991 
and No. 207704/1991, and U.S. Patent No. 547.718. 

The Lewis add indudes magnesium-containing Lewis acid, aluminum-containing Lewis acid and boron-containing 
Lewis acid. Of these, boron-containing Lewis add is preferred. 

The Lewis add which contains a boron atom is. for example, a compound represented by the formula: 

BRWr*^ (VII) 

wherein R', Ri and R"^ are each independently a phenyl group which may have substltuents such as fluorine, methyl and 
trifluorometiiyl. or a fluorine atom. 

Examples of the compounds represented by the above formula (VIQ Indude trifluoroboron. triphenylboron, tris(4- 
fluorophenyl)boron. tris(3,5-difluorophenyl)boron. trls(4-fluoromethylphenyl)boron, tris(pentafluorophenyl)boron. tris(p- 
tdyl)boron, tris(o-tolyl)boron and tris(3.5-dimetiiylphenyl)boron. Of these, particularly preferred is trls(pentafluorophe- 
nyl)boron. 

The ionic compound employable in the Invention is a salt comprising a cationic compound and an anionic compound. 
The anion reacts with the transition metal compound (A) to render the compound (A) cationic and to form an ion pair, 
resulting in stabilizing the transition metal cation spedes. Examples of such anion include organoboron compound anion! 
organoarsenic compound anion and organoaluminum compound anion. Preferred are those relatively bulky and stabi- 
lizing the transition metal cation species. Examples of cation include metallic cation, organometallic cation, carbonium 
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cation, tripium cation, oxonium cation, sulfbnium cation, phosphonium cation and ammonium cation. More specifically, 
there can be mentioned triphenylcarbenium cation, tributylammonium cation. N.N-dimethylammonium cation, ferro- 
cenium cation, etc. 

Of these, prefen^ed are ionic compounds containing a boron compound as anion, and examples thereof include: 
5 trialkyl -substituted ammonium salts, such as triethylammoniumtetra(phenyl)boron, tripropylammoniumtetra(phe- 

ny1)boron, tri(n-butyl)ammoniumtetra(phenyt)boron, trimethyIammoniumtetra(p-tolyl)boron, trimethylammonlumtetra{o- 
to!yl)boron. tributylammoniumtetra(pentafluorophenyt)tK)ron. tripropylammonlumtetra(o,p-dimethylphenyl)boron, trib- 
utylammoniumtetra(m.m-dimethylphenyl)boron, tributylammoniumtetra(p-trifluoromethylphenyl)boron. tri(n- 
butyl)ammoniumtetra(o-tolyt)boron and tri(n-butyl)ammoniumt6tra(4-f luorophenyl)boron; 
10 N.N.-dialkylan'liriium salts, such as N.N-dimethylaniliniumtetra(phenyl)boron. N.N-diethylaniliniumtetra(phe- 

ny1)boron and N,N-2.4.6-pentamethylaniliniumtetra(phenyl)boron; 

dialKylammonium salts, such as di(n-propyl)ammonlumtetra(pentaf luorophenyl)tx>ron and dicyclohexylammoni- 
umtetra(phenyl)boron; and 

triarylphosphonium sails, such as triphenylphosphoniumtetratphenyQtxxon. tri(methylphenyl)phosphoni- 
IS umtetra(phenyl)t>oron and tri(dimethy^henyl)phosphoniumtetra(phenyl)boron. 

Also employable as the ionic compound which contains a boron atom are triphenylcarbeniumtetrakis(perTtafluor- 
ophenyl)borate. N. N-dimethylaniliniumtetrakis(pentaf luorophenyl)borate and fen-oceniumtetrakisCpentaf luorophe- 
nyl)borate. 

Further, the following compounds can be also employed. (In the ionic compourKis listed below, the counter ton is 
20 tri(n-butyl)ammonium, but not intended to limit thereto.) 

Salts of anions, for example, bis[tri(n-butyl)ammonium]nonaborate, bis[tri(n-butyl)ammonium]decaborate. bis[trl(n- 
butyl)ammonium] urxJecaborate, bis[tri(n-butyl)ammonium]dodecaborate, bis[tri(n-butyl)ammonium]decachlorodecab- 
orate. bls[tri(n-butyl)ammonium]dodecachlorododecaborate, tri(n-butyl)ammonium*1 -carbadecaborate. trl(n- 
butyl)ammonium-1 -carbaundecaborate. tri(n-butyl)ammonium-1 -carbadodecaborate, tri(n-butyl)ammonium-1 -trimeth- 
25 ylsilyl-1 -carbadecaborate and tri(n-butyl)ammoniumbromo-1 -carbadodecaborate. 

Moreover, borane compounds and carborane compounds can be also employed. These compounds are employed 
as the Lewis acid or the ionic compounds. 

Examples of the borane and cart)orane compounds include: 
borane and carborane complex compounds and salts of cartx)rane anions, such as, decaborane(14). 7,8-dicar- 
30 baundecaborane(13), 2,7-dicarbaundecaborane(13). undecahydride-7.8-dimethyl-7,8-dicarbaundecaborane. dodec- 
ahydride-11-methyl-2.7-djcarbaundecatx3rane, tri(n-butyl)amnrx)nium-6-carbadecaborate(14), tri(n-butyl)ammonium-6- 
carbadecaborate(12), tri(n-butyl)ammonium-7-carbaundecaborate(13), tri{n-butyl)ammonium-7,8-dicarbaundecabo- 
rate(12), tri(n-butyl)ammonium-2.9-dicarbaundecaborate(12). tri(n-butyl)ammoniumdodecahydride-8-methyl-7.9-dicar- 
baundecaborate. tri(n-butyl)ammoniumundecahydride-8-ethyl-7.9<licark}aundecaborate. tri(n- 

35 butyl)ammoniumundecahydride-8-butyl-7.9-dlcart5aundecaborate. tri(n-butyl)ammoniumundecahydride-8-allyl-7,9- 
dicarbaundecaborate, tri(n-butyl)ammoniumundecahydride-9-trimethylsilyl-7,8-dicarbaundecaborate and tri{n- 
butyl)ammoniumundecahydride-4.6-dlbromo-7-carbaundecaborate: and 

carboranes and salts of carboranes, such as. 4-cart>anonaborane(14). 1 .3-dicart3anonaborane(13}. 6.9-dicarba- 
decaborane(1 4). dodecahydride-1 -pheny1-1 .3<licarbanonaborane. dodecahydride-l -methyl-1 .3-dicart)anonaborane 
40 and undecahydride-1 ,3-dimethyl- 1 ,3-dicart)anonaborane. 

Furthermore, the following compounds can be also employed. (In the ionic compounds listed below, the counter ion 
Is tri(n-butyl)ammonium. but not intended to limit thereto.) 

Salts of metallic carboranes and metallic borane anions, for example, tri(n-butyl)ammoniumbts(nonahydride-1,3- 
dicart)anonaborate)cobaltate(lll). tri(n-butyl)ammoniumbis(undecahydride-7.8-dicarbaundecaborate)ferrate(tll). tri(n- 
45 butyl)ammoniumbis(undecahydride-7,8-dicarbaundecaborate)cobaltate(lll), tri(n-butyl)ammoniumbis(undecahydride- 
7,8-dicarbaundecaborate)nickelate(tll). tri(n-butyl)ammoniumbis(undecahydride-7.8-dicarbaundecaborate)cuprate(lll). 
tri(n-butyl)ammoniumbis(undecahydride-7,8<licarbaundecaborate)aurate(lll), tri(n-butyl)ammonlumbis(nonahydride- 
7,8<limethyl-7.8<licarbaundecaborate)ferrate(lll). tri(n-butyl)ammoniumbis(nonahydride-7.8-dimethyt-7.8-dicart>aun- 
decaborate)chronnate(IM). tri(n-butyl)ammoniumbis(tribromooctahydride-7,8-dicait>aundecaborate)cobaltate(lll). tri(n- 
50 butyl)ammoniumbis(dodecahydridedicarbadodecaborate)coba}tate(ill). bis[tri(n-butyl)ammonium]bis(dodecahydride- 
dodecaborate) nickeiate(lll), tris[tri(n-butyl)ammonium]bis(undecahydride-7-carbaundecalx)rate)chromate(lll). bis[tri(n- 
butyl)ammonium]bis(undecahydrlde-7-carbaundecaborate)manganate(IV). bis[tri(n-butyl)ammonium]bis(undecahy- 
dride-7-carbaundecatx)rate)cobaltate(ill) and bis[tri(n-butyl)ammonium]bis(undecahydride-7-cart3aundecaborate)nick- 
elate(IV). 

55 The compounds (B-3) which react with the transition metal compound (A) to form an ion pair can be used singly or 
in combination of two or more kinds. 

In the present invention, at least one of the transition metal compound (A) and the activating compound (B) may be 
supported on a fine particle carrier. 
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The fine particle carrier is an inorganic or organic compound, and is a particulate or granular solid having a particle 
diameter of 10 to 300 fxm. preferably 20 to 200 |xm. 

The inorganic carrier is preferably a porous oxide, and examples thereof include Si02. AI2O3, MgO, Zr02, Ti02. 
B2O3. CaO, ?nO, BaO, Th02and mixtures thereof, such as SiOrMgO. Si02-Al203, Si02-Ti02, Si02-V205, Si02-Cr203 
5 and Si02-TI02-MgO. Of these, preferred is a carrier containing at least one of SIO2 and AI2P3 as its major component. 

The above-mentioned inorganic oxides may contain carbonates, sulfates, nitrates and oxides, e.g.. Na2C03. K2CO3, 
CaCOs. MgC03. Na2S04. Al2(S04)3. BaS04. KNO3. Mg(N03)2. AI(N03)3. Na20. K2O and U2O, in small amounts. 

The properties of the fine particle carrier vary depending on the type and the process for the preparation thereof, 
but preferably used in the invention is a can-ier having a specific surface area of 50 to 1 ,000 nrt^/g, preferably 100 to 700 
10 ntz/g. and a pore volume of 0.3 to 2.5 cm3/g. The fine particle carrier may be used after calcined at a temperature of 
100 to 1 .000 *»C. preferably 1 50 to 700 *»C. if desired. 

Also employable as the fine particle carrier in the invention is a granular or particulate solid of an organic compound 
having a particle diameter of 1 0 to 300 ^m. Examples of such organic compounds include (co)polymers produced mainly 
from a-olef Ins of 2 to 1 4 carbon atoms such as ethylene, propylene, 1 -txjtene and 4-methyl-1 -pentene, arxj (co)polymers 
75 produced mainly from vinyl cyclohexane or styrene. 

The fine particle carrier may contain a surface hydroxyl group and/or water. 

The olefin polymerization catalyst used in the invention may be either a catalyst comprising the transition metal 
compound (A) supported on the fine particle carrier and the activating compound (B), a solid catalyst comprising the 
transition metal compound (A) and the activating compound (B) both supported on the fine particle carrier or a prepo- 
20 lymerized catalyst obtained by prepolymerizing an olefin in the preserxse of the transition metal compound (A), the 
activating compound (6) and the fine particle carrier. 

The solid catalyst can be prepared by mixing and contacting the transition metal compound (A), the activating com- 
pound (B) and the fine particle carrier with each other in an inert hydrocarbon medium or an olefin medium. 

Examples of the inert hydrocart)on media used for preparing the ol^in polymerization catalyst include: 
25 aliphatic hydrocarbons, such as propane, butane, pentane. hexane. heptane, octane, decane, dodecane and 

kerosine; 

alicydic hydrocarbons, such as cyclopentane, cyclohexane and methytcyclopentane; 
aromatic hydrocarbons, such as benzene, toluene and xylene; 

halogenated hydrocarbons, such as ethylene chloride, chlorobenzene and dichloromethane; and 
30 mixtures of these hydrocarbons. 

The order of mixing and contacting the above components may be optionally determined, but preferably, 
the fine particle carrier is first mixed and contacted with the activating compound (B) and then with the transition 
metal compound (A); 

a mixture of the activating compound (B) and the transition metal compound (A) is mixed and contacted with the 
35 fine particle carrier; or 

the fine particle carrier, the activating compound (B) and water are mixed and contacted with each other and then 
with the transition metal compound (A). 

For supporting the transition metal compound (A) on the fine particle carrier, there can be generally employed a 
method where the transition metal compound (A) and the fine particle carrier are mixed and contacted in a hydrocartx)n 
40 medium. 

More specifically, the following procedure may be carried out: 

(1) The activating compound (B) Is added to and mixed with a suspension of the fine particle carrier In a hydrocartx>n 
medium, the mixture is filtered to remove the medium, and the resulting solid component is further mixed and con- 

45 tacted with the transition metal compound (A) in the form of a suspension or a solution In a hydrocarbon medium; 

(2) The activating compound (B) is added to and mixed with a suspension of the fine particle carrier in an aromatic 
hydrocarbon medium followed by further adding an aliphatic hydrocarbon medium, and then the aromatic hydrocar- 
bon medium is removed urxier a reduced pressure to precipitate an organoaluminum oxy-compound on the fine 
particle carrier. After removing the aliphatic hydrocarbon medium, the resulting solid component Is further mixed 

so and contacted with the transition metal compound (A) In the form of a suspension or a solution In a hydrocarbon 
medium; or 

(3) The activating compound (B) and the transition metal compoud (A) are added to and mixed with a suspensbn 
of the f ne particle carrier in a hydrocartx)n medium, and then the medium is rennoved by filtration or evaporation. 

55 In the mixing of the above components, the transition metal compound (A) is used in an amount of usually 10"^ to 
5 X 1 0^3 mol, preferably 3 x 1 0"6 to 1 0~3 mol, based on 1 g of thef ine particle earner; and a concentration of the transition 
metal compound (A) is in the range of about 5 x 10~6 to 2 x 10"2 mol/llter. preferably 10"5 to 10"2 mol/llter. If the 
component (B-1} is used as the activating compound (B). an atomic ratio of aluminum in the component (B-1) to the 
transition metal In the transition metal compound (A). ( Ai/transltion metal), is in the range of usually 1 0 to 3,000, preferably 
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20 to 2,000. If the component (B-2) is used, an atomic ratio of aluminum in the component (6-2) to the transition metal 

in the transition metal compound (A), (AlAransition metal), is In the range of usually 10 to 3.000. preferably 20 to 2,000. 

If the component (B-3) is used, a molar ratio of the transition metal compound (A) to the component (B-3). (transition 

metal compound (A)/component (B-3)), is in the range of usually 0.01 to 10. preferably 0.1 to 5. 
5 In the mixing of the above components, the temperature is in the range of usually -50 to 150 ^"0. preferably -20 to 

120 ""C; and the contact time is in the range of 1 to 1 .000 minutes, preferat^y 5 to 600 minutes. The mixing temperature 

may be varied during the mixing procedure- 
Supporting of the transition metal compound (A) on the fine particle carrier can be carried out in the presence of 

zeolite or organic amines. 
10 Zeolite used herein is, for example, a compound represented by the general formula 

M2AiOAl203-xSi02"yH2Q 

wherein M Is Na, K. Ca or Ba. n Is a valence of M, x is 2 to 10, and y is 2 to 7. and Molecular Sieve™ is preferred. 

15 Examples of the organic amines include monoalkylamines. such as methylamine. ethylamine, n-propylamine, iso- 
propylamine, n-butylamine and t-butylamine; dialkylamines, such as dimethylamine. diethylamine. dl-n-propylamlne, 
dllsopropylamine, di*n>butylamine and di-t-butylamine; and trialkytamines. such as trimethylamine. triethylamine. tri-n- 
propylamine and tri-n-butylamine. 

Zeolite may be used in an amount of usually 1 x 10'^ to 1 x 10^ g, preferably 1 x lO"'* to 10 g, based on 1 g of the 

20 fine particle carrier. The organic amine may be used in an amount of usually 1 x 10~7 to 2 x 10~2 mol, preferably 1 x 
10"5 to 1 X 10~2 mol, based on 1 g of the fine particle carrier. 

The use of zeolite or the organic amine enables to produce a solid catalyst in which a larger amount of the transition 
metal compound (A) is supported. 

In the solid catalyst obtained in the manner as desaibed above, it is desired that the transition metal atom is sup- 

25 ported in an amount of 10"6 to 10"3 g*atom. preferably 2 x 10"6 to 3 x 10"^ g-atom, based on 1 g of the fine particle 
carrier, and the aluminum atom derived from the component (B-1) [or the component (B-2)] is supported in an amount 
of akx)ut 10"3 to 10"i g-atom. preferably 2 x 10"3 to 5 x 10~2 g atom, based on 1 g of the fine particle carrier. The 
component (B-3) is desirably supported in an amount of 10^^ to 0.1 g-atom. preferably 2 x ^Q"^ to 3 x 10~ ^ g-atom. 
based on 1 g of the fine particle carrier, in terms of the boron atom derived from tiie component (B-3). 

30 The prepolymerized catalyst can be prepared by prepolymerizing a small amount of an olefin in an inert hydrocartx)n 
medium or an olefin medium in the presence of the transition metal compound (A), the activating compound (B) and tiie 
fine partide carrier. It is preferred to use the transition metal compound (A), the activating compound (B) and the fine 
particle carrier in the form of a solid catalyst together as described above. 

For preparing the prepolymerized catalyst, the inert hydrocarbon solvents as mentioned al>ove can be employed. 

35 In tiie preparation of tiie prepolymerized catalyst, the ti'ansrtion metal compound (A) is used in an amount of usually 
10~6 to 5 X 10"3 mol, preferably 3 x 10"6 to 10"3 mol. based on 1 g of the fine particle carrier; and a concentration of 
tiie transition metal atom (A) is in the range of about 5 x 10"6 to 2 x 10"2 mol/liter-medium, preferably 10"5 to 10"2 
mol/liter-medium. If the component (B-1) is used as the activating compound (B), an atomic ratio of aluminum in tiie 
component (B-1) to the transition metal in tiie transition metal compound (A), (Al/transition metal), is In tiie range of 

40 usually 1 0 to 3,000, preferably 20 to 2,000. If the component (B-2) is used, an atomic ratio of aluminum in the component 
(B>2) to the transition metal in the transition metal compound (A), (Al/transition metal), is in the range of usually 10 to 
3,000. preferat>ly 20 to 2.000. If the component (B-3) is used, a molar ratio of the transition metal compound (A) to the 
conponent (B-3). (transition metal compound (A)/component (B-3)), is in the range of usually 0.01 to 10, preferably 0.1 
to 5. 

45 The prepolymerization temperature is in the range of -20 to 80 *C, preferably 0 to 60 ^C; and the prepdymerization 
time is in the range of 0.5 to 100 hours, preferably about 1 to 50 hours. 

The olefin used for the prqdolymerization may be any one selected from those used for the polymerization, but 
preferred is the same monomer as used for the polymerization or a mixture of the same monomer as used for the 
polymerization and an olefin. 

so In the prepolymerized catalyst obtained as described above, it is desired that the transition metal atom is supported 
in an amount of 10^6 to 10"3 g atom, preferably 2 x lO'^ to 3 x 10"^ g atom, based on 1 g of the fine particle carrier, 
and the aluminum atom derived from the component (B-1) or the component (B-2) is supported in an amount off about 
10"3 to 10"i g-atom, preferably 2 x 10~3 to 5 x 10"2 g-atom. based on 1 g of the fine partide carrier. The component 
(B-3) is desirably supported in an amount of 10"7 to 0.1 g-atom. preferably 2 x 10"^ to 3 x 10"2 g-atom, based on 1 g 

55 of the fine particle carrier, in terms of the boron atom derived from the component (B-3). The amount of a polymer 
produced by the prepolymerization is desired to be in tiie range of about 0. 1 to 500 g, preferably 0.3 to 300 g. particularly 
preferak^ly 1 to 100 g. t>ased on 1 g of the fine partide carrier. 

According to the present invention, multistage polymerization including the steps (a) and (b). which will be described 
later more in detail, is carried out in the presence of the olefin polymerization catalyst comprising the transition metal 
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compound (A) and the activating compound (B). to prepare a propylene polymer composition. The polymerization steps 
may be carried out in any order, and the second stage polymerization is conducted in the presence of a polymer prepared 
in the first stage polymerization. 

In the step (a), (i) propylene is homopolymerized, or propylene is copolymerlzed with at least one olefin selected 
5 from ethylene and olefins of 4 to 20 carbon atoms, in the presence of the olefin polymerization catalyst comprising the 
transition metal compound (A) and the activating compound (B), to prepare a propylene (co)polymer (a). 

Examples of the olefins of 4 to 20 carbon atoms used herein include Hautene, 1-perrtene, 1-hexene, 4-methyl-1- 
pentene, 1-octene. 1-decene, 1-dodecene, 1-tetradecene. 1-hexadecene. 1-octadeceneand 1-eicosene. 

The olefin used for the copolymerization of propylene is preferably ethylene or 1 -butene. When ethylene or 1 -butene 
10 is used, the resulting (co)polymer (a) is lowered in the glass transition tennperature and thus the polymer composition 
obtained is improved In the impact resistance. 

In the step (a), the polymerization can be carried out in a liquid phase polymerization, e.g., a suspension polymer- 
ization, and a gas phase polymerization. 

In the liquid phase polymerization, the inert hydrocarbons same as used for the preparation of the catalyst described 
IS before, or the olefin itself can be used as a medium. 

For the polymerization in the step (a), the transition metal compound (A) is desired to be used in an amount of 
usually 10~8 to 10"3 g atom/liter. preferably 10"^ to 10~4 g atom/liter, In terms of a concentration of the transition metal 
atom derived from the transition metal compound (A) in the polymerization system. If the component (B-1) is used as 
the activating compound (B). an atomic ratio of aluminum in the component (B-1) to the transition metal in the transition 
20 metal compound (A), (Al/transition metal), is in the range of usually 5 to 1 0,000, preferably 1 0 to 5,000. If the component 
(B-2) is used, an atomic ratio of aluminum in the component (B-2) to the transition metal in the transition metal compound 
(A), (Al/transition metal), is in the range of usually 5 to 10,000, preferably 10 to 5.000. If the component (B-3) is used, 
a molar ratio of the transition metal compound (A) to the component (B-3), (transition metal compound (A)/component 
(B-3)), is in the range of usually 0.01 to 10. preferably 0.5 to 5. 
25 When the solid catalyst or the prepolymerized catalyst is used, a compound selected from the component (B-1), 
the component (B-2) and the component (B-3), all of which are not supported on a fine particle carrier, may be used in 
addition to the activating compound (B) supported on a fine particle carrier. 

The polymerization temperature is desired to be in the range of usually -50 to 100 ^'C. preferably 0 to 90 ""C. in the 
case of slurry polymerization; in the range of usually 0 to 250 <'C, preferably 20 to 200 ''C, in the case of liquid phase 
30 polymerization, and in the range of usually 0 to 120 **C. preferably 20 to 1 00 ''C, in the case of gas phase polymerization. 
The polymerization pressure is in the range of usually atmospheric pressure to 100 kg/cm2, preferably atmospheric 
pressure to 50 kg/cm2. 

The molecular weight of the resulting propylene (co)polymer (a) can be regulated by the use of hydrogen in the 
polymerization system or varying the polymerization temperature. 

35 The step (a) is carried out usually in a single stage, but the polymerization operation may be divided into plural 
stages to obtain a polymer containing two or more components greatly different from each other in the molecular weight. 
For example, the step (a) can be carried out in such a manner that a ratio of a melt flow rate of a polymer obtained in 
an initial stage of the step (a) to a melt flow rate of a polymer obtained in a subsequent stage of the step (a) Is not less 
than 20. In an extreme case, not less than 30. 

40 The propylene (co)polymer (a) prepared in this step (a) comprises constituent units derived from propylene in 
amounts of not less than 80 mol%, preferably not less than 90 mol%, more preferably not less than 95 mol%. and is 
particularly preferably a propylene homopolymer. This propylene (co)polymer (a) has a melting point, as measured by 
a differential scanning calorimeter, of not lower than 1 00 ^'C, preferably not lower than 1 1 0 *C, more preferably not lower 
than 120^0, particularly preferably 130 to 167 «»C. If the melting point is lower than 100 **C, the propylene (co)polymer 

45 may have a reduced heat resistance and lose characteristics required for propylene polymers. The propylene {co)polymer 
(a) has a melt flow rate, as measured at 230 under a load of 2.16 kg. of 0.01 to 1 .000 g/10 min, preferably 0.1 to 500 
g/1 0 min. If the melt flow rate is I ess than 0.0 1 g/1 0 min, moldability of the polymer composition obtained may be reduced. 
If the melt flow rate exceeds 1 ,000 g/10 min, mechanical strength of the polymer composition obtained may also be 
reduced. The propylene (co)polymer (a) is desired to have a f lexural modulus (FM) of not less than 5,000 kg/cm^. 

so The melting point is measured using DSC-50 available from Shimazu Seisakusho in which a sample has been 
temporarily melted and cooled is heated at a heat-up rate of lO'^C/min. The melt flow rate is measured in accordance 
with ASTM D1238-T65 under the conditions of a temperature of 230 ''C and a load off 2.16 kg. 

In the step (b), ethylene is copolymerlzed with at least one olefin selected from olefins of 4 to 20 cartx>n atoms in 
the presence of an olefin polymerization catalyst comprising the transition metal compound (A) and the activating com- 

55 pound (B). to prepare an ethylene copolymer (b). 

As the olefin of 4 to 20 carbon atoms, the aforesaid olefins of 4 to 20 carbon atoms can be employed. 
The olefin used for the copolymerization of ethylene is preferably 1 -butene. When 1 -butene is used, the resulting 
ethylene copolymer (b) is lowered in the glass transition temperature and thus the polymer composition obtained is 
improved In the impact resistance. 
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In the step (b). the polymerization can be candied out in a liquid phase polymerization, e.g., a suspension polymer- 
ization, and a gas phase polymerization. 

In the liquid phase polymerization, the inert hydrocartx)n same as for the preparation of the catalyst descrik>ed 
before, or the olefin itself can be used as a medium. 

5 For the polymerization in the step (b), the transition metal conrpound (A) is desired to be used in an amount of 

usually 10"8 to 10"3 g-atom/liter, preferably 10"^ to IC^ g-atom/liter. in terms of a concentration of tiie transition metal 
atom derived from the transition metal compound (A) in the polymerization system. If the component (B-1) is used as 
the activating compound (B). an atomic ratio of aluminum in the component (B-1) to the transition metal in the transition 
metal compound (A). (Al/transition metal), is in tiie range of usually 5 to 10.000. preferak>ly 10 to 5.000. If the component 

10 (B'2) is used, an atomic ratio of aluminum in the component (B-2) to the transition metal in the transition metal compound 
(A), (AlAransition metal), Is in the range of usually 5 to 10.000. preferably 10 to 5.000. If the component (B-3) is used, 
a molar ratio of the transition metal compound (A) to the component (B-3), (transition metal compound (A)/component 
(B-3)). is in tiie range of usually 0.01 to 10. preferably 0.5 to 5. 

When the solid catalyst or the prepolymerized catalyst is used, a connpound selected from the component (B-1). 

15 the component (B-2) and the component (B-3), all of which are not supported on a fine particle carrier, may be used in 
addition to the activating compound (B) supported on a fine particle carrier. 

The polymerization temperature is desired to be in the range of usually -50 to 100 ''C. preferably 0 to 90 ''C, in the 
case of slurry polymerization; in the range of usually 0 to 250 ""C. preferably 20 to 200 ''C. in the case of liquid phase 
polymerization; and in the range of usually 0 to 1 20 ''C, preferably 20 to 1 00 ""C, in the case of gas phase polymerization. 

20 The polymerization pressure is in the range of usually atmospheric pressure to 100 kg/cm^, preferably atmospheric 
pressure to 50 kg/cm2. 

The molecular weight of the resulting ethylene copolymer can be regulated by the use of hydrogen in the polymer- 
ization system or varying the polymerization temperature. 

The ethylene copolymer (b) prepared in the step (b) comprises constituent units derived from ethylene in amounts 
25 exceeding 50 mol%. preferably 55 to 90 mol%. more preferably 70 to 85 mol%. If the ethylene content is not more than 
50 mot%. impact resistance of the polymer composition obtained may be lowered. 

The ethylene copolymer (b) has an intrinsic viscosity [n]. as measured in decalin at 1 35 ^'C. of 0. 1 to 20 dl/g. preferably 
1 to 10 dl/g. more preferably 2 to 5 dl/g. If the intrinsic viscosity [x\] is less than 0.1 dl/g. impact resistance of the polymer 
composition obtained may also be lowered. If the Intrinsic viscosity [ii] exceeds 20 dl/g. moldabillty of the polymer com- 
30 position obtained may be reduced. The ethylene copolymer (b) Is desired to have a glass transition tenperature of higher 
tiian -80 ''C and up to -10 *»C. 

Further. It is desired that the ethylene copolymer (b) has a density of 0.85 to 0.91 g/cm3, preferably 0.86 to 0.90 
g/cm3. an Mn/Mw value Indicating a molecular weight distribution of 1 .4 to 3.5, preferably 2.0 to 3.0. and a melt flow rate 
of 1.0 to 45 g/10 min. preferably 0.5 to 10 g/10 min. 
35 According to the present invention, multistage polymerization including the steps (a) and (b) may be carried out in . 
any order, and the second stage polymerization is carried out in the presence of a polymer obtained in the first stage 
polymerization to prepare a propylene polymer composition. 

In more detail, the multistage polymerization can be candied out as follows. 

40 (1) The step (a) is first carried out in the presence of the transition metal compound (A) and the activating compound 
(B) to prepare a propylene (co)polymer (a), and then the step (b) is carried out in the presence of the transition 
metal compound (A), the activating compound (B) and the propylene (Go)polymer (a) to prepare an ethylene copol- 
ymer (b). whereby a propylene polymer composition is prepared. 

(2) The step (b) is first carried out in the presence of the ti-ansttion metal compoutKl (A) and the activating compound 
45 (B) to prepare an ethylene copolymer (b). and then the step (a) is carried out in the presence of the transition metal 
compound (A), the activating compound (B) and the ethylene copolymer (b) to prepare a propylene (co)polymer (a), 
whereby a propylene polymer composition is prepared. 

In the present invention. It is preferred that the step (a) Is first carried out and then the step (b). By the use of this 
so order, aggromation of the resulting polymer particles or adhesion thereof to the reactor wall can be avoided due to their 
improved particle properties, so that the propylene polymer composition can be obtained under stable operating condi- 
tions. 

Each of the steps is carried out In such a manner that the resulting propylene polymer composition contains tiie 
propyl ■ ne (co)polym r (a) obtained in the step (a) in an amount of 20 to 90 % by weight, preferably 30 to 80 % by w - ight, 
55 and the etiiylene copolymer (b) obtained in the step (b) in an amount of 10 to 80 % by weight, preferably 20 to 70 % by 
weight. The propylene polymer composition obtained has a melt f bw rate, as measured at 230 ""C under a load of 2.16 
kg. of 0.01 to 500 g/10 min. preferably 0.1 to 200 g/10 min. If the melt flow rate is less tiian 0.01 g/10 min. moldability 
of the polymer composition may be reduced. If the melt flow rate exceeds 500 g/10 min, mechanical strength of the 
polymer composition may be lowered. 
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Particularly preferred embodiments of the process for preparing a propylene polymer composition according to the 
invention are as follows. 

(1) A process for preparing a propylene polymer composition, wherein the step (a) is earned out in the presence of 
5 an olefin polymerization catalyst comprising the transition metal compound (A) represented by the formula (II), the 

organoaluminum oxy-compound (B-2), and optionally the organoaluminum compound (B-1), to prepare a propylene 
homopolymer, and then the step (b) is carried out in the presence of the above-mentioned olefin polymerization 
catalyst and the propylene homopolymer, to prepare an ethylene-1-butene copolymer containing constituent units 
derived from ethylene in amounts of 55 to 90 % by mol. 
10 (2) A process for preparing a propylene polymer composition, wherein the step (a) is carried out in the presence of 
an olefin polymerizaton catalyst comprising the transition metal compound (A) represented by the formula (III), the 
organoaluminum oxy-compound (B-2), and optionally the organoaluminum compound (B-1), to prepare a propylene 
homopolymer. and then the step (b) is carried out in the presence of the above-mentioned olefin polymerization 
catalyst and the propylene homopolymer, to prepare an ethylene-1-butene copolymer containing constituent units 
15 derived from ethylene in amounts of 55 to 90 % by mol. 

The propylene polymer composition obtained by the process of the invention has well balanced properties among 
rigidity, heat resistance and impact resistance. Such propylene polymer composition is favorably used for various molded 
artifcles including films and sheets in many fields. 

20 

EFFECT OF THE INVENTION 

The process for preparing a propylene polymer composition according to the invention can prepare a propylene 
polymer composition which has well balanced properties among rigidity, heat resistance and inrpact resistance. 
25 The propylene polyemer composition accoiding to the invention has well balanced properties among rigidity, heat 
resistance and impact resistance. 

EXAMPLE 

30 The present invention will be further described with reference to the following examples, but it should be construed 
that the invention is in no way limited to those examples. 

In the following exanples, properties of the propylene polymer composition were measured by the methods 
described below. 

35 Flexurql modplMS (FM) 

Measured in accordance with ASTM D790. 

Specimen: 12.7 mm (width) x 6.4 mm (thickness) x 127 mm (length). 

40 Span: 100 mm. 

Ftexural speed: 2 mm/min. 

Izod impact strenoth (IZ) 

45 Measured in accordance with ASTM D256. 

Temperature: -30 °C, 23 **C. 

Specimen: 12.7 mm (width) x 6.4 mm (thickness) x 64 mm (length), mechanically notched. 
so Tensile elongation at break (ED 

Measured in accordance with ASTM D638. 
Temperature: 23 ""C. 

55 

Heat distortion temperature (HPT) 

Measured in accordance with ASTM D648. 
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Specimen: 12.7 mm (width) x 6.4 mm (thickness) x 127 mm (length). 

Haze 

5 Measured in accordance with ASTM D 1003-61 . 

Preparation Example 1 

Synthesis of rac<limethylsilyl-k>is{1-(2-n-propyl-4-(9iDhenanthryl)tndenyf)zirconium dichloride 

10 

[Synthesis of 3-(2-bromophenyl)-2-n-propylpropionic acid] 

A 1 -liter four-necked round flask (equipped with stirrer, DImroth condenser, dropping funnel and thermometer) was 
charged with 37 g (330 mmol) off potassium t-butoxide. 32 ml (334 mmol) of N-methylpyrrolidone and 400 ml of toluene. 

15 Then, the flask was placed in an ice bath, and a solution obtained by dissolving 60.7 g (300 mmol) of diethyl n-propyl- 
malonate in 50 ml of toluene dropwise added while stirring (dropping time: 30 minutes, reaction temperature: 5 to 10 
^'C). After the dropping was completed, the mixture was stirred at 45 *C for 30 minutes and then at 65 *C for 1 hour. 
Immediately after starting of the heating, the reaction solution turned cream-colored and heterogeneous. 

Subsequently, in an ice bath, a solution obtained by dissolving 75 g (300 mmol) of 2-bromobenzyl bromkle in 50 ml 

20 of toluene was dropwise added (dropping time: 30 minutes, reaction temperature: 5 to 15 ''C). After the dropping was 
completed, the mixture was reacted at 65 ''C for 30 minutes, and then heated under reflux for 1 hour. The color of the 
reaction mixture was gradually changed to gray. After the reaction mixture was allowed to starxJ for cooling, it was poured 
into 500 ml of water, and a 1 0 % aqueous solution of sulfuric add was added to adjust pH = 1 . The organic phases were 
separated, and the aqueous phase was extracted five times with 1 00 ml of toluene. The combined organic phases were 

25 washed four times with 200 ml of a saturated saline solution and dried over anhydrous MgS04. and the solvent was 
distilled off to obtain 114 g of a brown liquid concentrate. 

A 2-llter four-necked round flask (equipped with stirrer. Dimroth condenser, dropping funnel and thermometer) was 
charged with the concentrate obtained ak>ove and 200 ml of methanol, and they were stirred. To the flask was added a 
solution obtained by dissolving 237 g of potassium hydroxide (content of potassium hydroxide: 85%, 3.59 mol) in 520 

30 ml of methanol and 180 ml of water. Then, the flask was placed in an oil bath at 90 °C, the mixture was refluxed for 5 
hours, most of methanol was distilled off by an evaporator, and 500 ml of water was added to give a homogeneous 
solution to which, under ice cooling, a 10 % aqueous solution of sulfuric acid was added to adjust pH = 1 . and a white 
solid precipitated was separated by filtration. Then, the organic phase was separated from the filtrate, and the aqueous 
phase was extracted six times with 200 ml of ether. The combined organic phases were dried over anhydrous MgS04, 

35 and the solvent was distilled off to obtain 94 g of an yellow white semisolid. 

Subsequently the semisolid was introduced to a 1 -liter round flask, heated at 180''C (oil bath temperature) for 10 
minutes, and then cooled to obtain 78.0 g of the aimed product as a brown transparent liquid (yield: 96%). The properties 
of the product thus obtained are described below. 
FD-MS: 270 (M*). 272 (M* +2) 

40 NMR (CDCI3. 90 MHz): 

6 = 0.95 (t, J = 7.0 Hz. 3H. CH3): 
1.10-2.00 (m. 4H): 
2.60 - 3.25 (m. 3H); 
6.90 - 7.80 (m, 4H) 

45 

[Synthesis of 3-(bromophenyl)-2-n-propylpropionyl chloride] 

A 500-ml three-necked round flask (equipped with stirrer tip, Dimroth condenser, thermometer and NaOH trap) was 
charged with 277 mmol of 3-(2-bromophenyl)-2-n-propylpropionic acid and 200 ml of thionyl chloride, and they were 
so heated under reflux for 2 hours. After the thionyl chloride was distilled off by single distillation, a vacuum distillation gave 
77.4 g of a crude product as a light brown transparent liquid having a boiling point of 1 30 to 1 35 **C/1 mmHg. This acid 
chloride was used for the next reaction without further purification. 

[Synthesis of 4-bromo-2-n-propyl-1-indanone] 

55 

A 1 -liter four-necked round flask (equipped with stiner tip, Dimroth condenser, dropping funnel, thermometer and 
NaOH trap) was charged with 74.5 g (559 mmol) of anhydrous aluminum chloride and 400 ml of cartx>n disulfide. Under 
ice cooling, a solution obtained by dissolving the above acid chloride in 100 ml of caitx>n disulfide was dropwise added 
slowly. After the dropping was completed, the mixture was further reacted for 3 hours under ice cooling. Then, the 
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reaction solution was poured into 600 ml of ice water to separate the organic phase, and the aqueous phase was extracted 
four times with 200 ml of ether. The combined organic phases were washed four times with 300 ml of a saturated sodium 
hydrogencarbonate solution and dried over anhydrous MgS04. and the solvent was distilled off to obtain 66.7 g of a 
brown liquid. This ketone was used for the next reaction without further purification. 

5 

[Synthesis of 4-bromo-2-n-propyl-1-trimethylsilyloxyindan] 

A 1 -liter four-necked round flask (equipped with stirrer tip. Dimroth condenser, dropping funnel and thermometer) 
was charged with 4.96 g (131 mmol) of sodium boron hydride and 300 ml of ethanol. Under ice cooling, a solution 

10 obtained by dissolving 4-bromo-2-n-propyl-1 -indanone obtained above in 200 ml of ethanol was dropwise added. After 
the dropping was completed, the mixture was further reacted for 3 hours at room temperature. After the reaction, 200 
ml of ice water was added, and most of methanol was distilled off by an evaporator. The residue was transferred into a 
separatory funnel with 300 ml of ether, the organic phase was separated, and the aqueous phase was extracted three 
times with 200 ml of ether. The combined organic phases were dried over anhydrous MgS04, and the solvent was 

75 distilled off to obtain 66.50 g of an yellow white powder. 

Subsequently, a 1 -liter four-necked round flask was charged with the yellow white powder obtained above, 200 ml 
of ether and 47 ml (337 mmol) of tri ethyl amine. Under ice cooling, a solution obtained by dissolving 39 ml (307 mmol) 
of trimethylsilyl chloride in 50 ml of ether was dropwise added slowly. After the 7 hours reaction, the reaction mixture 
was poured into 400 ml of a saturated sodium hydrogencart>onate solution, the organic phase was separated, and the 

20 aqueous phase was extracted three times with 200 ml of ether. The combined organic phases were washed with 400 
ml of a saturated saline solution and dried over anhydrous MgS04, the solvent was distilled off to obtain an yellow brown 
liquid. A vacuum distillation gave 76.00 g of the aimed product having a boiling point of 1 20 to 1 25 *C/2 mmHg as a light 
yellow white transparent liquid. The yield summed up from 3-(243romophenyl)-2-n-propylpropionic acid was 81 %. 

25 [Synthesis of 2-n-propyM-(9-phenanthryl)irKlene] 

A 300-ml four-necked round flask (equipped with stirrer tip. dropping funnel and thermometer) was charged with 10 
g (30.5 mmol) of 4-bromo-2-n-propyl-1-trimethylsilyloxyindan obtained above, 50 mi of anhydrous ether and 112 mg 
(0. 1 53 mmol) off PdCl2 (dppf). To the flask was then dropwise added slowly 42 ml (61 mmol) of a 1 .45 molar 9-phenan- 
30 thrylmagnesium bromide in ether/benzene, while stirring at room temperature. Thereafter, the internal temperature was 
elevated to 42 °C, the reaction mixture was refluxed for 10 hours, poured into 300 ml of a saturated aqueous solution of 
ammonium chloride and extracted four times with 200 ml of ether. The combined organic phases were washed with a 
saturated saline solution and dried over anhydrous MgS04, and the solvent was distilled off to obtain 20.32 g of a brown 
liquid. 

35 A 300-ml four-necked round flask was charged with the brown liquid obtained above and 50 ml of ether, and 60 ml 
of a 5N aqueous solution of hydrochloric acid was dropwise added at room temperature, followed by vigorous stirring. 
After 6.5 hours, the reaction solution was transferred into a separatory funnel, extracted four times with 50 ml of ether, 
the combined organic phases were washed twice with 100 ml of a saturated sodium hydrogencarbonate solution and 
dried over anhydrous MgS04. and the solvent was distilled off to obtain a brown semisolid which was purified by silica 

40 gel chromatography to obtain 1 0.75 g of an yellow powder. 

Subsequently, a 200-ml four-necked round flask was charged with the yellow powder obtained above. 80 ml of 
anhydrous methylene chloride, 12.8 ml (92.0 mmol) of triethylamine and 187 ml (1 .53 mmol) of 4-dlmethylaminopyrkline. 
Under ice cooling, a solution obtained by dissolving 4.72 ml (61 .0 mmol) of methanesulfonyl chloride in 20 ml of anhydrous 
methylene chloride was dropwise added slowly. After the dropping was completed, the temperature of the mixture was 

45 elevated to room temperature and then the reaction was carried out for 4 hours. The reaction mixture was poured into 
100 ml of ice water, extracted three times with 1 00 ml of methylene chloride, the combined organic phases were washed 
three times with 1 00 ml of a saturated sodium hydrogencarbonate solution and dried over anhydrous MgS04. Then, the 
solvent was distilled off to obtain a red brown semisolid which was purified by silica gel chromatography to obtain 7.20 
g of the aimed product as an yellow white powder (yield: 71 %). The properties of the product thus obtained £ure described 

so below. 

NMR (CDCI3. 90 MHz): 
6 = 0.92 (t, J = 7.0 Hz, 3K CH3): 
1.50 (m. 2H); 
2.36 (t. J = 7.0 Hz. 2H): 
55 3.02 (bd. 2H): 
6.60 (s. 1H); 
7.05 - 9.00 (m. 12H) 
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[Synthesis of dimethylsilylene-bis{1 -(2-n-propyl-4-(9-phenanthryl)indene)}] 

A SOO-mt four-necked round flask (equipped with stirrer tip. Dimroth condenser, dropping funnel and thermometer) 
was charged with 6.20 g (18.5 mmol) of the 2-n-propyl-4-(9iDhenanthryl)indene obtained above. 120 ml of anhydrous 

5 ether and 50 mg of copper cyanide. Under ice cooling, 12.5 ml (20.4 mmol) of a 1 .63 molar n-butyltithium in hexane was 
dropwise added. After the dropping was completed, the content in the flask was refluxed for 1 .5 hours. Then, under ice 
cooling, a solution of 1.34 ml (11.1 mmol) of dimethyldichlorosilane in 10 ml of anhydrous ether was dropwise added 
slowly. After the dropping was completed, the reaction was candied out overnight at room temperature, and then the 
reaction mixture was poured into 200 ml of a saturated aqueous ammonium chlorde. After filtration, the filtrate was 

10 extracted three times with 1 00 ml of ether, the organic phase was washed with 200 ml of a saturated saline solution and 
dried over anhydrous MgS04, and the solvent was distilled off to obtain an yellow white powder which was purified by 
silica gel chromatography to obtain 3.80 g of the aimed product as an yellow white powder (yield: 54 %). The properties 
of the product thus obtained are described below. 
NMR (CDCI3. 90 MHz): 

IS 6 = -0.17, -0.15 (each: s, together 6H, Si-CHa); 
0.65 -2.75 (m, 14H); 
3.86 - 4.25 (m. 2H. -CH-Si); 
6.25. 6.34 (each: 6d, 2H); 
7.05 - 9.05 (m. 24H) 

20 

[synthesis of rac-dimethylsilyl-bis{1-(2-n-propyl-4-(9-phenanthryl)indenyl)}zirconium dichloride] 

A 200-ml four-necked round flask (equipped with stirrer tip, bead condenser, dropping funnel and thermometer) was 
charged with2.9g (4.00 mmol) of dimethytsilyl-t»s{1-(2-n-propyt-4-(9-phenanthryl)indene)} and 60 ml of anhydrous ether. 

25 Under ice cooling, 5.15 ml (8.40 mmol) of a 1.63 molar n-txjtyllithium in hexane was dropwise added slowly. After the 
dropping was completed, the content in the flask was stirred overnight at room temperature, and 1 .00 g (4.29 mmol) of 
ZrCU was added in portions at -78 ''C. After the addition was completed, the mixture was allowed to stand overnight to 
elevated the temperature. The resulting orange reaction slurry was filtered, the fitter cake was washed with 100 ml of 
anhydrous methylene chloride, and the fitrate was concentrated to dryness. The resulting product was redissolved in 

30 100 ml of anhydrous methylene chloride, and anhydrous ether was added to the solution. The solid precipitated was 
filtered, washed with 15 ml of anhydrous ether and dried under reduced pressure to obtain 0.10 g of the aimed product 
as an yellow powder (yield: 2.8 %). The properties of the product thus obtained are described below. 

NMR (CDCI3. 90 MHz): 
6 = 0.80 (t. J = 7.4 Hz, 6H. CH3): 

35 1.39 (S.6H. Si-CHs); 
1.10-3.00 (m, 8H): 
6.61 (s, 2H, 3-H-lnd): 
7.00 -9.10 (m. 24 H) 

40 Example 1 

[Preparation of solid aluminoxane component (a)] 

A 300-ml pressure-reducible reactor equipped with a stirrer was charged with 67 ml of a toluene solution containing 
45 methyl aluminoxane corresponding to 100 mmol of aluminum atom (methylaluminoxane available from Shelling Co.), 
and then added 1 00 ml of purified n-decane at room temperature over a period of about 0.5 hour with stirring, to precipitate 
methylaluminoxane. Then, toluene was removed from the reactor by elevating the temperature in the reactor to 35 
over a period of about 3 hours under a reduced internal pressure of 4 Torr using a vacuum pump, to further precipitate 
aluminoxane. The reaction solution was filtered to remove the liquid phase, and the solid was resuspended in n-decane 
so to obtain an aluminoxane suspension containing 0.18 mmol-AI/ml [solid aluminoxane component (a)]. 

[Preparation of solid catalyst component (b-1)] 

A 400-ml reactor thoroughly purged with nitrogen was charged with 100 ml of n-hexane. and 10.5 mmol (in tenns 
ss of Al atom) of the solid aluminoxane component (a) obtained above and 0.07 mmol (in terms of Zr atom) of rac-dimeth- 
ylsilyl-bis{1 -(2-n-propyl-4-(9-phenanthryl)indenyl)}zirconium dichloride, and then the mixture was stirred for 20 minutes. 
100 ml of n-hexane and 0.9 mmol of trilsobutylaluminum were added, followed by stirring for 10 minutes. Then, a pro- 
pylene gas was passed through the reactor at 20'*C for 4 hours at a rate of 2.2 l/hr to prepolymerize propylene. The 
supernatant was removed by decantation. and the remainder was washed three times with 1 50 ml of decane. As a result, 
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a solid catalyst component (b-1 ) in which Zr and Al were supported in amounts of 0.01 0 mmol and 4.3 mmol, respectively, 
based on 1 g of the solid catalyst was obtained. 

[Polymerization] 

5 

A 2-liter stainless steel autoclave was charged with 500 g of propylene and 4.5 liters of hydrogen at room temperature, 
and the temperature was elevated to 40 ''C. Then. 0.5 mmol of triisobutylaluminum and 0.004 mmol (in terms of Zr atom) 
of the solid catalyst component (b-1) obtained above were added, to polymerize propylene at 50 °C for 25 minutes. 

Subsequently, the internal pressure was released to atmospheric pressure, and nitrogen was passed through the 
10 system for about 10 minutes to purge the system. During this procedure. 5.1 g of a polymer produced was taken out of 
the system by means of a specially devised sampler. Then, 150 ml of hydrogen and an ethylene/1 -butene mixed gas 
(ethylene: 32 mol%, 1 -butene: 68 mol%) were fed to the system so that the total pressure became 7 kg/cm2. The polym- 
erization was carried out at 50 for 20 minutes, while keeping the total pressure at 7 kg/cm^ by continuous feeding 
the mixed gas. After the reaction was completed, the pressure was released to atmospheric pressure, giving 132 g of 
IS a white powdery polymer. 

The propylene homopolymer obtained in the first stage had a melting point of 161 **C and MFR of 24 g/10 min. and 
the ethylene-1 -butene copolymer obtained in the second stage had an ethylene content of 78 mol% and an intrinsic 
viscosity [i]] of 2.5 dl/g. 

The resulting propylene polymer composition contained the propylene homopolymer in an anfK>unt of 72 % by weight 
20 and the ethylene-1 -butene copolymer in an amount of 28 % by weight, and had MFR of 16 g/10 min, IZ at 23 *C of 35 
kg-cm/cm, FM of 1 1,300 kg/cm2. EL of 350 % and HDT of 105 ''C. 

The amount, the composition, etc. of the polymer obtained in each stage were determined in the following manner. 
The melting point and MFR of the propylene homopolymer (P-1) obtained in the first stage were measured for a polymer 
(A-1) sampled after completion of the first stage polymerization. Further, a polymer (A-2) sampled after completion of 
25 the second stage polymerization was immersed in 200 ml of lx)lling n-decane for 5 hours to dissolve the polymer and 
then cooled to room temperature to precipitate a solid which was filtered through a glass filter, then dried and measured 
on its weight. An NMR analysis on this dried solid proved that the ethylene content was lower than the lower limit of 
detection. Accordingly, a percent weight of the dried solid (i.e., the n-decane-insoluble portion at room temperature) to 
the weight of the polymer (A-2), can be taken as the % by weight of the propylene homopolymer (P-1). The n-decane- 
30 soluble portion in the polymer (A-1) was not more than 0.1 % by weight. On the other hand, the filtrate obtained by the 
above filtration of the polymer (A-2) was added to a large amount of methanol to precipitate a solid which was washed 
with methanol and dried to obtain a n-decane-soluble portion, which was taken as the ethylene-1 -butene polymer (P-2) 
obtained in the second stage. This solid was measured on the intrinsic viscosity and the composition in accordance with 
a conventional NMR method. 

35 

Examoie 2 
[Polymerization] 

40 A 2-liter stainless steel autoclave was charged with 400 g of propylene, 0.6 liter of hydrogen and 16 liters of ethylene 
at room temperature, and the temperature was elevated to 50 **C. Then. 0.5 mmol of triisobutylaluminum and 0.004 
mmol (in terms of zirconium atom) of the solid catalyst component (b-1) prepared in Example 1 were added, and the 
polymerization was carried out at 60 ""C for 25 minutes. 

Subsequently, the internal pressure was released to atmospheric pressure, and nitrogen was passed through the 

45 system for about 10 minutes to purge the system. During this procedure, 5.1 g of a polymer produced was taken out of 
the system by means of a specially devised sampler. Then, 200 ml of hydrogen and an ethylene/1 -butene mixed gas 
(ethylene: 38 % by mol, 1 -butene: 62 % by mol) were fed to the system so that the total pressure became 5 kg/cni2. The 
polymerization was carried out at 50 for 20 minutes, while keeping the total pressure at 5 kg/cm2 by continuous 
feeding the mixed gas. After the reaction was completed, the pressure was released to atmospheric pressure, giving 

so 136 g of a white powdery polymer. 

The propylene homopolymer obtained in the first stage had a melting point of 128 **C and MFR of 6 g/10 min. and 
the ethylene-1 -butene copolymer obtained in the second stage had an ethylene content of 85 mol% and an intrinsic 
viscosity [t]] of 1 .8 dl/g. 

The resulting propylene polymer composition contained the propylene homopolymer in an amount of 69 % by weight 
55 and the ethylene-1 -butene copolymer in an amount of 31 % by weight, and had MFR of 3.5 g/1 0 min. IZ at 23 of 58 
kg cm/cm. IZ at -30 of 1 1 kg cm/cm, FM of 5.300 kg/cm2. EL of 800 %, HDT of 85 and a haze, as measured for 
a square plate of 1 mm thicK of 41 %. 
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Example 3 
[Polymerization] 

5 A 2-liter stainless steel autoclave was chaged with 400 g of propylene. 0.6 liter of hydrogen and 16 liters of ethylene 
at room temperature, and the temperature was elevated to 50 ''C. Then, 0.5 mmol of triisobutylaluminum and 0.004 
mmol (in terms of zirconium atom) of the solid catalyst component (b-1) prepared in Example 1 were added, and the 
polymerization was carried out at 60 for 25 minutes. 

Subsequently, the internal pressure was released to atmospheric pressure, and nitrogen was passed through the 

10 system for about 10 minutes to purge the system. During this procedure. 5.1 g of a polymer produced was taken out of 
the system by means of a specially devised sampler. Then, 90 ml of hydrogen and 200 ml of 1 -octene were added, and 
ethylene was further fed so that the total pressure became 8 kg/cm2. The polymerization was carried out at 60 **C for 
30 minutes, while keeping the total pressure at 8 kg/cm^ by continuous feeding ethylene. After the reaction was com- 
pleted, the internal pressure was released to atmospheric pressure and the product was dried urxler reduced pressure, 

15 giving 1 30 g of a white powdery polymer. 

The propylene homopolymer obtained in the first stage had a melting point of 128 '^C and MFR of 6 g^lO min, and 
the ethylene-l -octene copolymer obtained in the second stage had an ethylene content of 85 % by mol and an intrinsic 
viscosity [n] of 1.9 dl/g. 

The resulting propylene polymer composition contained the propylene homopolymer in an amount of 72 % by weight 
20 and the ethylene- 1 -octene copolymer in an amourn of 28 % by weight, and had MFR of 3.4 g/1 0 min, IZ at 23 *C of 60 
kg cm/cm, IZ at -30 of 1 2 kg*cm/cm, FM of 5,500 kg/cm2, EL of 1 ,000 %. HDT of 85 *C and a haze, as measured for 
a square plate of 1 mm thicK of 40 %. 

Comparative Example 1 

25 

[Polymerization] 

A 2-liter stainless steel autoclave was charged with 400 g of propylene, 0.6 liter of hydrogen and 16 liters of ethylene 
at room temperature, and the temperature was elevated to 50 ""C. Then, 0.5 mmol of triisobutylaluminum and 0.004 
30 mmol (in terms of zirconium atom) of the solid catalyst component (b-1) prepared in Example 1 were added, and the 
polymerization was carried out at 60 for 25 minutes. 

Subsequently, the internal pressure was released to atmospheric pressure, and nitrogen was passed through the 
system for about 10 minutes to purge the system. During this procedure, 5.1 g of a polymer produced was taken out of 
the system by means of a specially devised sampler. Then, 150 ml of hydrogen and an ethylene/k^ropylene mixed gas 
35 (ethylene: 30 mol%, propylene: 70 mol%) were fed to the system so that the total pressure became 8 kg/cm2. The 
polymerization was carried out at 50 ""C for 30 minutes, while keeping the total pressure at 8 kg/cm^ by continuous 
feeding the mixed gas. After the reaction was completed, the pressure was released to atmospheric pressure, giving 
168 g of a white powdery polymer. 

The propylene homopolymer obtained in the first stage had a melting point of 128 ^'C and MFR of 6 g/1 0 min, and 
40 the ethytenei^ropylene copolymer obtained in the second stage had an ethylene content of 86 % by mol and an intrinsic 
viscosity [r\] of 1 .8 dl/g. 

The resulting polymer composition contained the propylene homopolymer in an amount of 67 % by weight and the 
ethylene-propylene copolymer in an amount of 33 % by weight, and had MFR of 3.4 g/1 0 min, IZ at 23 '^C of 50 kg cm/cm, 
IZ at -30 **C of 6 kg-cm/cm, FM of 5.500 kg/cnl2, EL of 600 %, HDT of 85 •C and a haze, as measured for a square plate 
45 of 1 mm thicK of 80 %. 

Exqmpl^ 4 

[Preparation of solid catalyst component (b-2)] 

so 

A 400-ml reactor thoroughly purged with nitrogen was charged with 100 ml of n-hexane, and 10.5 mmol (in terms 
of Al atom) of the solid aluminoxane component (a) obtained in Example 1 and 0.07 mmol (in terms of Zr atom) of rac- 
dimethylsilyl-bis{1 -(2-methyl-4-(phenyl)indenyl)}zirconium dichloride was added and then the mixture was stirred for 20 
minutes. 100 ml of n-hexane and 0.9 mmol of triisobutylaluminum were added, followed by stirring for 1 0 minutes. Then. 
55 a propylene gas was passed through the reactor at 20*^0 for 4 hours at a rate of 2.2 1/hr to prepolymerize propylene. The 
supernatant was removed by decantation, and the remainder was washed three times with 1 50 ml of decane. As a result, 
a solid catalyst component (b-2) in which Zr and Al were supported in amounts of 0.01 0 mmol and 4.3 mmol, respectively, 
based on 1 g of the solid catalyst was obtained. 
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[Polymerization] 

A 2-liter stainless steel autoclave was charged with 500 g of propylene and 0.8 liters of hydrogen at room temperature, 
and the temperature was elevated to 40 Then, 0.5 mmol of trilsobutylalumlnum and 0.002 mmol (in terms of Zr atom) 
5 of the solid catalyst component (b-2) obtained above were added, to polymerize propylene at 50 **C for 25 minutes. 

Subsequently, the internal pressure was released to atmospheric pressure, and nitrogen was passed through the 
system for about 10 minutes to purge the system. During this procedure, 5.1 g of a polymer produced was taken out of 
the system by means of a specially devised sampler. Then, 60 ml of 1-butene was added, and ethylene was fed to the 
system so that the total pressure became 8 kg/cm2. The polymerizatbn was carried out at 80 **C for 20 minutes, while 
10 keeping the total pressure at 8 kg/cm^ by continuous feeding ethylene. After the reaction was completed, the pressure 
was released to atmospheric pressure, giving 145 g of a white powdery polymer. 

The propylene homopolymer obtained in the first stage had a melting point of 156 **C and MFR of 6.0 g/10 min, and 
the ethylene- 1-butene copolymer obtained in the second stage had an ethylene content of 85 mol% and an intrinsic 
viscosity [ti] of 3.0 dl/g. 

15 The resulting propylene polymer composition contained the propylene homopolymer in an amount of 71 % by weight 
and the ethylene- 1-butene copolymer in an amount of 29 % by weight, and had MFR of 1 .8 g/1 0 min. IZ at 23 ^'C of 35 
kg cm/cm. FM of 10.200 kg/cm2, EL of 400 % and HDT off 98 »C. 

Example 5 

20 

[Polymerization] 

A 2-liter stainless steel autoclave was charged with 500 g of propylene and 0.8 liter of hydrogen at room temperature, 
and the temperature was elevated to 40 *C. Then, 0,5 mmol of trilsobutylalumlnum and 0.002 mmol (in terms of zirconium 
25 atom) of the above solid catalyst component (b-2) were added, and the polymerization was carried out at 50 for 25 

minutes. 

Subsequently, the internal pressure was released to atmospheric pressure, and nitrogen was passed through the 
system for about 10 minutes to purge the system. During this procedure. 4.8 g of a polymer produced was taken out of 
the system by means of a specially devised sampler. Then. 1 40 ml of 1 -octene was added, and ethylene was fed to the 
30 system so that the total pressure became 8 kg/cm2. The polymerization was carried out at 80 **C for 30 minutes, while 
keeping the total pressure at 8 kg/cm2 by continuous feeding ethylene. After the reaction was completed, the pressure 
was released to atmospheric pressure, giving 133 g of a white powdery polymer. 

The propylene homopolymer obtained in the first stage had a melting point of 156 and MFR of 6.0 g/10 min, and 
the ethylene-1 -octene copolymer obtained in the second stage had an ethylene content of 82 mol% and an intrinsic 
35 viscosity [t^] of 2.4 dl/g. 

The resulting propylene polymer composition contained the propylene homopolymer in an amount of 78 % by weight 
and the ethylene- 1 -octene copolymer in an amount of 1 2 % by weight, and had MFR of 45 g/1 0 min. IZ at 23 **C of 1 3 
kg cm/cm, FM of 13.900 kg/cmz. EL of 180 %, HDT of 1 18 *C. 

40 Claims 

1 - A process for preparing a propylene polymer composition, comprising: 

conducting multistage polymerization including the following steps (a) and (b) in the presence of 

45 (A) a transition metal compound containing a ligand having a cyclopentadienyl skeleton and 

(B) a compound activating the transition metal compound (A), 

in which the steps (a) and (b) may be carried out in any order, and the second stage polymerization is carried 
out in the presence of a polymer obtained by the first stage polymerization to produce a propylene polymer com- 
50 position comprising 20 to 90 % by weight of a propylene (co)polymer (a) obtained in the step (a) and 1 0 to 80 % by 
weight of an ethylene copolymer (b) obtained in the step (b), said composition having a melt flow rate, as measured 
at 230 *»C under a load of 2.16 kg, of 0.01 to 500 g/10 min; 

the step (a): 

ss (i) homopolymerizing propylene or (ii) copolymerizing propylene and at least one olefin selected from ethylene 

and olefins of 4 to 20 carbon atoms to prepare a propylene (co)polymer (a) comprising not less than 80 mol % 
of constituent units derived from propylene, said propylene (co)polymer (a) having a melting point, as measured 
by a differential scanning calorimeter, of not lower than 100 ""C and a melt flow rate, as measured at 230 ^'C 
under a load of 2.16 kg, of 0.01 to 1,000 g/10 min; 



22 

BNSDOCID: <EP 07044e2A1J_> 



4 



EP0 704 462 A1 

the step (b): 

copolymerizing ethylene and at least one olefin selected from olefins of 4 to 20 car1x)n atoms to prepare an 
ethylene copolymer (b) comprising more than 50 mol % of constituent units derived from ethylene, said ethylene 
copolymer (b) having an intrinsic viscosity [q]. as measured in decalin at 135 ""C, of 0.1 to 20 dl/g. 

The process for preparing a propylene polymer composition, wherein the ethylene copolymer (b) prepared in the 
step (b) has an intrinsic viscosity [tJ, as measured In decalin at 135°C. of 0.1 to 20, a density of 0.85 to 0.91 g/cm3. 
an Mn/Mw value indicating a molecular weight distribution of 1 .4 to 3.5, and a melt flow rate of 0.1 to 45 g/10 min. 

10 3. The process for preparing a propylene polymer composition as claimed in Claim 1 or 2, wherein the multistage 
polymerization is carried out in the order of the steps (a) and the step (b). 

4. The process for preparing a propylene polymer composition as claimed in any one of Claims 1 to 3, wherein pro- 
pylene is homopolymerized in the step (a) and ethylene is copolymerized with 1 -butene in the step (b). 

15 

5. The process for preparing a propylene polymer composition as claimed in any one of claims 1 to 4, wherein the 
transition metal compound (A) containing a ligand having a cyclopentadienyl skeleton is a compound represented 
by the following formula (II): 



25 



30 




(II) 

35 

wherein is a transition metal atom of Group IV to Group VIB of the periodic table: 

Ri , R2, R3 and R"^ are each a hydrogen, a halogen, a hydrocarbon group of 1 to 20 carbon atoms, a halo- 
genated hydrocart)on group of 1 to 20 carbon atoms, a silicon-containing group, an oxygen-containing group, a 
40 sulfur-containing group, a nitrogen-containing group or a phosphorus-containing group, and a part of adjacent 
groups Ri . R3 and R'^ may be bonded to form together with the carbon atoms to which they are attached a ring, 
wherein R^ to R^ at two positions, for example even R^ and R^ . may be the same or different, and R having the 
same suffix show a preferable combination for linking to form a ring; 

Y> is a divalent hydrocaitx)n group of 1 to 20 caibon atoms, a divalent halogenated hydrocartx)n group of 1 
45 to 20 cartx^n atoms, a divalent silicon-containing group or a divalent germanium-containing group: and 

XI and X2 are each a hydrogen, a halogen, a hydrocarbon group of 1 to 20 cartoon atoms, a halogenated 
hydrocarbon group of 1 to 20 cartx>n atoms, an oxygen-containing group or a sulfur-containing group. 

6. The process for preparing a propylene polyemer composition as claimed in any one of claims 1 to 4, wherein the 
so transition metal compound (A) containing a ligand having a cyclopentadienyl skeleton is a compound represented 
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(III) 



wherein M2 Is a transition metal atom of group IV to Group VIB of the periodic table; 

R5. Rs and to Rio, which may be the same or different, are each a hydrogen, a halogen, a hydrocartx>n 
group of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a silicon-containing 
group, an oxygen-containing group, a sulfur-containing group, a nitrogen-containing group or a phosphorus-con- 
taining group; 

R7 is an aryl group of 6 to 16 carbon atoms; 

Y2 is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocartjon group of 1 
to 20 carbon atoms, a divalent silicon-containing group or a divalent germanium-containing group; and 

X3 and X4 are each a hydrogen, a halogen, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing group. 

7. The process for preparing a propylene polymer composition as claimed in any one of Claims 1 to 6. wherein frie 
compound (B) activating the transition metal compound (A) is at least one compound selected from the group con- 
sisting of: 

(B-1) an organoalumlnum compourxj, 

(B-2) an organoalumlnum oxy-compound, and 

(B-3) a compound which reacts with the transition metal compound (A) to form an ion pair. 
& A propylene polymer composition prepared according to the process as claimed in Claim 1 . 
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